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PREFACE 


Although  they  constitute  by  far  the  largest  group  of  natural 
pigments  the  quinones  have  been  somewhat  neglected  hitherto  and 
receive  little  attention  in  the  chemical  literature  in  comparison 
with  the  flavone,  anthocyanin,  carotenoid  and  porphyrin  colouring 
matters.  It  is  the  purpose  of  this  monograph  to  repair  that  neglect. 
The  investigation  of  these  compounds,  which  occur  widely  in 
Nature,  has  been  in  progress  since  the  early  nineteenth  century  and 
new  ones  continue  to  appear.  They  range  in  complexity  from 
simple  benzoquinones  to  coronene  derivatives,  and  the  combination 
of  aromatic,  aliphatic  and  ‘quinone’  chemistry  makes  them  of 
peculiar  interest.  For  a  general  account  of  the  chemistry  of  quinones 
the  reader  is  referred  to  the  Chemistry  of  the  Carbon  Compounds  vol. 
IIIB,  1956  (Elsevier),  attention  being  here  devoted  to  the  structure 
and  the  more  interesting  features  of  the  natural  products.  The  scope 
is  limited  to  quinones  proper  and  related  quinols  and  anthrones 
where  these  occur  naturally,  but  methylene-quinones,  phenoxazones, 
and  other  quinonoid  .substances  are  excluded. 

The  synonymy  existing  in  biological  nomenclature  is  not  always 
appreciated  by  chemists  and  an  effort  has  been  made  to  name  the 
natural  sources  correctly.  To  avoid  confusion  only  the  currently 
accepted  names  have  been  used  and  synonyms  are  not  given  as  a 
rule  except  where  they  show  the  derivation  of  the  quinone  name. 
This  means  that  plant  and  animal  names  quoted  in  this  book  do 
not  always  agree  with  those  given  in  the  original  chemical  papers. 
In  this  connection  I  wish  to  thank  my  colleagues  in  the  biological 
departments  of  this  University,  especially  Mr.  P.  J.  Faulks  M.A., 
and  the  authorities  at  the  British  Museum,  the  Royal  Botanic 
Gardens,  Kew,  and  the  Commonwealth  Mycological  Institute.  I 
am  grateful  also  to  Sir  Alexander  Todd,  F.R.S.,  who  read  the 
section  on  the  aphin  pigments  and  to  chemists  in  many  parts  of  the 
world  who  gave  me  information  in  advance  of  publication. 


Aberdeen 
June,  1957 


R.  H.  T. 
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INTRODUCTION 

The  quinone  pigments  are  the  largest  class  of  natural  colouring 
matters  but  despite  this  they  make  relatively  little  contribution 
to  natural  colouring.  About  hall  the  total  number  occur  in  higher 
plants  distributed  amongst  some  thirty  families;  they  are  found 
mainly  in  the  bark  or  underground  portions  and  if  present  else¬ 
where  are  usually  masked  by  other  pigments.  Moreover  quinones 
sometimes  exist  in  the  plant  in  a  reduced  form,  having  little  or  no 
colour.  Nevertheless  the  colouring  power  of  some  of  these  materials 
was  discovered  at  a  very  early  date  and  the  use  of  certain  plants 
(especially  the  Rubiaceae )  for  dyeing  textiles  is  an  ancient  craft  in 
many  countries.  Over  forty  quinones  have  been  isolated  from 
micro-organisms,  particularly  from  the  lower  fungi  which  have 
been  studied  extensively  in  laboratory  culture;  some  of  the  better 
known  higher  fungi  are  also  brightly  coloured  by  quinones.  Here 
again  the  pigments  may  occur  in  a  colourless  reduced  form.  A  few 
quinones  have  been  found  also  in  lichens,  indeed  the  isolation  of 
the  anthraquinone,  physcion,  from  both  a  lichen  and  a  fungus 
was  the  first  demonstration  that  lichen  products  are  derived  from 
the  fungal  half  of  the  symbiont.  In  the  animal  kingdom  these 
colouring  matters  are  confined  to  certain  insects  and  marine 
animals,  notably  sea  urchins  whose  shells  are  sometimes  coloured 
by  the  calcium  salts  of  polyhydroxynaphthaquinones.  Even 
mineral  sources  have  yielded  quinones  on  two  occasions. 

The  rather  large  number  (>  150)  of  widely  distributed  quinones 
at  once  raises  the  problem  of  their  natural  function.  Except 
possibly  in  a  few  cases  this  question  cannot  be  answered  although 
there  has  been  much  speculation;  indeed  it  is  clear  that  there 
must  be  more  than  one  answer.  The  most  characteristic  feature 
of  quinones  is  their  ease  of  reduction  and  re-oxidation.  This  is 
virtually  the  only  chemical  reaction  common  to  all  the  natural 
quinones  and  it  suggests  that  these  substances  play  a  part  in  the 
oxidation-reduction  processes  of  living  matter.  The  simultaneous 
occurrence  of  a  quinone  and  the  corresponding  quinol  in  certain 
moulds  supports  this  view.  The  diquinone,  phoenicin1,  can  function 
as  a  respiratory  catalyst  according  to  Friedheim2  and  this  may  well 
the  natural  function  of  quinones  in  some  of  the  lower  fungi 
It  has  also  been  found*  that  phthiocol,  in  low  concentration^ 
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accelerates  the  respiration  of  algae  but  on  the  other  hand  a  number 
of  related  3-alkyl-2-hydroxy-l  :4-naphthaquinones  inhibit3  various 
respiratory  systems  and  these  apparently  contradictory  results 
perhaps  emphasize  that  broad  generalizations  concerning  the 
function  of  natural  quinones  are  not  to  be  expected  in  view 
of  the  considerable  variation  which  exists  both  in  structure 
and  in  location.  Addition  reactions  are  another  charac¬ 
teristic  feature  of  the  chemistry  of  the  simpler  quinones,  and  it 
cannot  be  doubted  that  if  these  compounds  occur  in  biological 
systems  containing  — NH2  or  — SH  groups,  interaction  will  take 
place.  Quinone  tanning  of  leather  is  a  good  example.  It  is  known 
that  enzyme  systems  can  be  inhibited  in  this  way  but  such  reactions  are 
only  possible  when  there  is  at  least  one  free  quinonoid  position, 
which  excludes  more  than  half  the  quinones  found  in  Nature. 
Certainly  quinones  are  often  very  active  in  living  matter  and  a 
few  synthetic  compounds  are  of  practical  value,  e.g.,  2-methyl- 1 :4- 
naphthaquinone  is  used  in  vitamin  k  therapy  and  2 : 3-dichloro-l  :4- 
naphthaquinone  is  employed  as  a  plant  fungicide,  but  attempts 
to  correlate  structure  or  physical  properties  with  particular  physio¬ 
logical  effects  have  achieved  only  limited  success5.  Many  natural 
quinones  and  quinols  have  antibiotic  properties  and  this  is  probably 
important  in  some  cases  in  protecting  surrounding  tissues  against 
invading  micro-organisms.  The  mode  of  action  appears  to  be 
complex6. 

Another  sphere  in  which  our  knowledge  is  limited  concerns  the 
biogenesis  of  quinones.  Speculation  in  this  field  appears  to  be  on 
firmer  ground  but  it  is  obvious  from  the  great  variation  in  structure 
that  a  number  of  different  biosynthetic  pathways,  not  conforming 
to  a  general  pattern,  must  be  involved.  In  recent  years  the  bio¬ 
synthesis  of  fatty  acids  and  sterols  from  acetate  units  has  been 
established7  with  the  aid  of  radio-active  carbon  and  it  seems  very 
likely  that  many  aromatic  compounds  are  also  built  up  in  the 
same  way.  This  view  was  first  propounded  by  Collie8  following  his 
observations  that  substances  like  diacetylacetone,  CH3COCH2- 
COCH2COCH3,  could  be  cyclized  to  form  benzene  derivatives 
and  Robinson9  has  shown  how  many  natural  products,  including 
quinones,  can  arise  from  polyacetic  acid  precursors.  For  example, 
cyclization  of  the  intermediate  (1),  formed  by  head-to-tail  hnkage 
of  eight  acetic  acid  molecules  with  the  loss  of  water,  could  give 
the  anthrone  (2)  from  which  (3),  (4)(emodin),  and  (5)(endo- 
crocin)  could  be  derived  by  simple  processes.  This  is  a  structural 
theory  and  several  routes  and  intermediates  are  possible,  but  it 
is  interesting  to  note  that  anthrones  (and  dianthrones)  related  to 
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(3)  sometimes  accompany  the  corresponding  anthraquinones  in 
both  higher  and  lower  plants,  and  the  indications  are  that  the 
quinones  are  derived  from  the  anthrones.  Recently  a  number  of 
mould  metabolites  have  been  identified  as  dianthraquinones 
related  to  (4)  whilst  the  an  throne  (3),  to  which  Robinson  drew 


attention  as  being  the  obvious  precursor  of  hypericin  (6),  has 
now  been  detected10  in  the  same  plant  Hypericum  perforatum  Linn. 

Further  extensions  of  the  acetate  hypothesis  by  Birch  and 
Donovan11  have  shown  that  the  anthraquinones  elaborated  by 
moulds  fit  in  particularly  well  with  this  theory,  if  allowance  is 
made  for  oxidation  or  reduction  (or  other  simple  processes)  at 
suitable  stages,  and  Raistrick12  has  pointed  out  that  a  number  of 
simple  mould  metabolites  e.g.,  (7),  (8)  and  (9)  are  possible  pre¬ 
cursors.  The  formation  of  the  fungal  dianthraquinones  from 


(7) 


(8) 


acetate  units  presents  no  difficulty  and  may  proceed  as  Shibata19 

fnYsfiT  7  S,USSfed>  viVuch  ^'"mediates  as  penicilliopsin 
fLfhilh  ru,br0sky,n  <P-  242>-  Many  anthraquinones  obtained 
from  higher  plants  however,  contain  catechol  or  pyrogallol  rather 
than  resorcinol  structures  and  these  may  be  formed  by  a  different 
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reaction  sequence.  Birch  has  correctly  predicted  the  structure  of 
a  number  of  phenolic  natural  products,  including  the  fungal 
naphthaquinone,  flaviolin13,  and  it  seems  that,  where  available 
evidence  points  to  a  polyacetic  acid  origin,  this  theory  can  assist 
in  determining  the  structure  of  new  natural  products  in  much  the 
same  way  as  the  isoprene  rule.  The  reality  of  this  mode  of  bio¬ 
genesis  has  been  tested  using  Penicillium  griseo-fulvum  Dierckx 
which  elaborates  the  acid  (8) 14  when  grown  on  a  glucose  medium 
(used  for  most  laboratory  cultures  of  quinone-producing  moulds). 
This  acid  could  be  formed  from  four  acetate  units  (10)  (produced 
by  the  well-known  enzymatic  degradation  of  glucose)  assuming 
that  reduction  and  subsequent  dehydration  of  a  carbonyl  group 
takes  place  at  an  appropriate  stage.  Experiment  has  shown15  that 


/CO 

C  C— CO 

CO  CO— C 

VC 

(10) 


when  the  glucose  was  replaced  by  CH314C02H  the  2-hydroxy- 
6-methylbenzoic  acid  obtained  had  structure  (12)  (*  =  14C) 
which  is  consistent  with  a  direct  synthesis  from  acetic  acid  by 
head-to-tail  linkages. 

Orsellinic  acid  (11)  is  common  to  numerous  lichen  depsides 
and  depsidones,  and  a  scheme  of  biogenesis  of  these  compounds 
based  on  this  unit  was  put  forward  by  Seshadri16  and  was  later 
extended17  to  quinones.  He  suggested  that  the  hydroxylated 
benzoquinones,  e.g.,  (13),  (14)  and  (15),  are  formed  from  (11) 
by  the  processes  of  nuclear  hydroxylation,  reduction,  decarboxy¬ 
lation,  etc.  for  which  analogies  are  available.  Birch  and  Donovan11 
had  previously  noted  that  alkyl-substituted  benzoquinones  like 
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embelin  (16)  could  be  derived  from  intermediates  of  type  (11) 
but  the  ‘polyacetic  acid  skeleton’  is  so  obscured  in  these  highly 
hydroxylated  compounds  that  its  existence  is  somewhat  doubtful 
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and  speculation  on  these  lines  has  perhaps  gone  too  far.  Alternative 
routes  from  carbohydrates  via  cyc/ohexane  derivatives,  e.g.,  shikimic 
acid,  are  at  least  as  plausible18.  In  the  naphthaquinone  series 
there  is  little  guidance  as  to  the  mode  of  biogenesis.  The  small 
number  obtained  from  fungi  can  be  fitted  into  the  acetate  theory 
but  the  plant  and  animal  pigments  are  less  obviously  formed  in 
this  way.  Derivatives  of  2-ethyl-  and  2-methylnaphthalene  may 
evolve  from  six  acetate  units  or  the  Cn  compounds  may  be  formed 
by  combination  of  an  fropentane  unit  with  an  existing  benzenoid 
compound.  It  may  be  noted  that  wopentane  side  chains  occur  in 
several  instances,  e.g.  lapachol,  dunnione,  alkannin  and  the 
vitamins  k,  but  these  are  rare  in  the  benzoquinone  series  and 
unknown  in  the  anthraquinone  group. 
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Relatively  few  benzoquinones  have  been  found  in  higher  plants 
despite  the  wide  distribution  of  benzenoid  compounds.  They  occur 
more  frequently  in  fungi  and  make  their  best-known  and  most 
striking  appearance  in  the  bright  red  caps  of  the  toadstool  Amanita 
muscaria  (Linn.)  Fries  which  contain  the  pigment  muscarufin.  There 
is  one  representative  in  the  lichens  and  a  small  group  of  simple  alkyl 
derivatives  are  secreted  by  certain  insects. 

No  o-benzoquinones  have  been  isolated  from  natural  sources, 
which  is  hardly  surprising,  but  catechols  are  of  frequent  occurrence 
and  may  play  an  important  part  in  the  economy  of  plants.  It  has 
been  established1  that  the  smudge  resistance  of  pigmented  onions 
(. Allium  cepa  Linn.)  is  due  to  the  presence  of  catechol  and  protoca- 
techuic  acid  in  the  outer  scales,  these  compounds  being  toxic  to  Coll, 
circinans,  the  organism  responsible  for  the  disease.  Similarly  it  has 
been  found2  that  varieties  of  wheat  which  are  resistant  to  brown 
rust  disease  are  characterized  by  the  presence  of  catechols  in  the 

cell  sap.  . 

Protocatechuic  acid  and  3  :  4-dihydroxyphenylacetic  acid  have 

been  isolated3  from  many  insects  where  they  are  thought  to  play  a 
part  in  the  hardening  of  the  cuticle4a.  The  first  stage  is  the  well- 
known  enzymatic  oxidation  of  a  catechol  to  the  coi  lesponding 
o-quinone  and  these  compounds  then  combine  with  the  protein  of 
the  endocuticle  by  reaction  with  amino  or  thiol  groups  so  forming 
cross-linkages  between  the  polypeptide  chains.  In  this  way  the  soft, 
soluble  material  of  the  endocuticle  is  transformed  into  the  hard 
dark,  insoluble,  exocuticle.  A  similar  process  (‘qumone-tanmng  ) 
seems  to  occur  in  many  other  invertebrates415.  3  : 4-Dihydroxy- 
phenylalanine,  the  precursor  of  the  melanin  pigments,  has  also  been 
found  in  insects5  and  occurs  widely  in  the  plant  and  animal  king¬ 
doms.  As  even  monohydric  phenols  can  be  oxidized  enzymatically 
to  catechols6  and  thence  to  quinones  it  is  possible  that  o-benzo¬ 
quinones  are  intermediates  in  many  metabolic  processes. 


p -Benzoquinone  (1),  C6H402,  yellow  needles,  m.p.  116 
Benzoquinone  has  been  isolated  very  recently  from  two  insect 
species  It  was  obtained  by  Lederer’  from  the  millipede  Spiro - 
streptus  castaneus  Attems  by  steam  distillation  of  the  crushed  insects, 
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whilst  Roth8  has  shown  that  the  cockroach  Diploptera  punctata 
(Eschscholtz)  secretes  a  mixture  of  benzoquinone  and  2-methyl  and 
2-ethyl-benzoquinones.  These  were  identified  by  infra-red  analysis 

0 


0 

(1) 


and  mass  spectrometry.  According  to  Behai  and  Phisalix9  the  sec¬ 
retion  of  the  myriapod  Julus  terrestris  consists  of  benzoquinone  and 
the  same  substance  is  said  to  be  formed  by  Actinomyces  chromogenus 
Gasperini10.  It  seems  likely  that  the  material  from  both  sources  is  a 
simple  quinone  (or  a  mixture  of  quinones)  but  the  tests  applied  were 
inadequate  for  individual  identification. 

[Although  benzoquinone  has  not  been  observed  in  the  plant  king¬ 
dom  the  quinol  has  been  found  in  many  species,  either  in  the  free 
state  or  as  its  monoglucoside,  arbutin,  frequently  accompanied  by 
methylarbutin  (quinol  monomethyl  ether  monoglucoside).  It  occurs 
widely  in  the  Ericaceae n,  especially  in  the  leaves  of  the  bearberry 
(■ Arctostaphylos  uva-ursi  Spreng.).  It  has  been  suggested12  that  the 
blackening  of  pear  leaves  ( Pyrus  communis  Linn.)  when  they  fall  in 
autumn  is  due  to  the  hydrolysis,  and  subsequent  oxidation,  of  the 
arbutin  which  is  present. 

Quinol  and  its  monomethyl  ether  are  among  the  phenols  found  in 
the  scent  gland  of  the  beaver  (< Castor  fiber  Linn.).  This  animal  feeds 
laigely  on  the  bark  and  buds  of  trees  and  it  appears  that  aromatic 
substances  in  its  food  are  mainly  deposited  in  the  scent  glands  and 
are  not  excreted13.] 


Tolu-p-quinone  (2),  C7H602,  yellow  plates,  m.p.  69° 

2 -Ethylbenzoquinone  (3),  C8H8Q2,  yellow  needles,  m.p.  39-5° 


w/ 

Flour  which  is  heavily  infested  with  the  flour  beetle  7 - 

2S*"'1  (Hcrbst')  or  T:  c^fusum  (J.  du  Val.)  ( ColeopUra ,  Tmebri- 
omdae) ,  acqu.res  a  p.nk  tmge  and  becomes  unpalatable  Chapman” 
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observed  that  the  pink  coloration  was  caused  by  a  gas  given  off  by 
the  insects  when  stimulated  and  later  investigations  established  that 
the  volatile  secretion  was  essentially  a  mixture  of  methyl-  and  ethyl- 
benzoquinones  which  occurs  as  a  pungent  liquid  in  the  odoriferous 
glands  of  the  adult  insects.  Addition  of  a  little  toluquinone  to  fresh 
flour  rapidly  produces  a  pink  colour,  no  doubt  by  reaction  with 
amino  or  thiol  compounds  present  in  the  flour. 

The  presence  of  ethylbenzoquinone  was  first  recognized  by 
Alexander  and  Barton15  using  the  isolation  procedure  developed  by 
Roth  and  Howland16.  This  was  confirmed  by  Hackman  et  al.z  who 
isolated  the  secretions  as  the  quinols  by  immersing  the  beetles  in 
sulphurous  acid  and  they  obtained  evidence  indicating  the  presence 
of  toluquinol,  in  addition  to  ethylquinol,  in  the  aqueous  extracts. 
Subsequently  Loconti  and  Roth17,  working  on  a  much  larger  scale, 
obtained  30  g.  of  the  odorous  secretion  from  approximately  1 ,850,000 
insects  (c.  3228  g.)  by  warming  them  at  40°/ 1  mm  in  a  current  of 
nitrogen  and  condensing  the  volatile  secretion  in  a  dry-ice  trap.  By 
sublimation  and  fractional  crystallization  the  crude  product  was 
separated  into  2-ethylbenzoquinone  (3)  (80-90  per  cent)  and 
2-methylbenzoquinone  (2)  (10-20  per  cent). 

Many  tenebrionids  have  odoriferous  glands  and  quinones  have 
been  detected  in  several  other  species17’18;  recently,  a  mixture  of 
methyl-  and  ethyl-benzoquinones  was  identified8  in  Diaperus  macu- 
lata  Olivier  and  as  already  mentioned  they  occur  in  the  cockroach 
Diploptera  punctata.  A  simple  quinone  (or  quinones)  is  secreted  by 
another  tenebrionid  beetle  Blaps  gigas  Fischer  but  the  evidence  does 
not  justify  the  claim19  that  it  is  benzoquinone.  This  again  may  be  a 
mixture  of  alkyl  derivatives.  There  are  many  reports  in  the  ento¬ 
mological  literature  concerning  the  volatile  secretions  of  insects 
some  of  which  may  contain  quinones ;  chemical  data  are  slowly 
accumulating  and  recently  Berbier  and  Lederer7  have  detected  tolu¬ 
quinone  in  a  further  nine  species. 

o -Xyloquinone  (4),  C8H802,  yellow  needles,  m.p.  55  ° 
p -Xyloquinone  (5),  C8H802,  yellow  needles,  m.p.  125^ 

(p-Cumoquinone  (6),  C9H10O2,  yellow  needles,  m.p.  32 


(4)  (5)  (6) 
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It  has  been  observed20  recently  in  Montevideo  that  an  arachnid 
of  the  Gonyleptidae  family  secretes  a  yellow  aqueous  fluid  with 
remarkable  antibiotic  properties.  A  chemical  investigation  by 
Fieser  and  Ardao21  showed  that  this  material,  gonyleptidine,  was  a 
mixture  of  three  quinones  and  revealed  also  that  simple  alkyl- 
benzoquinones  are  more  powerfully  bacteriostatic  than  any  other 
type  ( cj ref.  154). 

Treatment  of  the  secretion  with  sodium  dithionite,  followed  by 
acetylation  and  chromatographic  purification  gave  a  product  identi¬ 
fied  as  2 :3-dimethylquinol  diacetate.  This  showed  that  2:3- 
dimethylbenzoquinone  was  the  major  component.  Polarographic 
analysis  indicated  the  presence  of  another  quinone  of  lower  electrode 
potential  whilst  an  infra-red  examination  pointed  to  the  presence  of 
2: 5-dimethyl  and  2:3:5-trimethylbenzoquinone,  both  of  which 
have  high  antibacterial  activity.  As  the  amount  of  material  avail¬ 
able  for  investigation  was  severely  limited,  an  efficient  method  of 
separation  was  required  for  the  isolation  of  the  minor  components, 
bearing  in  mind  the  sensitivity  of  o-xyloquinone  to  light,  heat,  acids, 
and  alkalis.  This  was  found  by  selective  addition  of  2 : 3-dimethyl- 
butadiene  in  cold  acetic  acid,  taking  advantage  of  the  fact  that 
quinones  lacking  an  unsubstituted  ene— dione  system  require  more 
vigorous  conditions  for  the  Diels— Alder  reaction.  o-Xyloquinone 
was  thus  removed  as  an  adduct  and  the  two  remaining  quinones 
w  eie  sepaiated  by  treatment  with  acetic  anhydride  containing  boron 
trifluoride  when  the  />-xyloquinone  underwent  Thiele  acetylation 
leaving  the  trimethylquinone  unchanged.  In  this  way  115  mg.  of 
gonyleptedine,  obtained  from  43  ml.  of  extract,  was  shown  to  con¬ 
tain  71,  11  and  15  mg.  respectively,  of  the  quinones  (4),  (5)  and  (6). 

The  lemaining  alkylquinone  is  a  plant  product. 


Thymoquinone  (7),  C10H12O2,  yellow  tablets,  m.p.  45-5 
0 

Me  o 

hMe  MeO/^y 


Me,CH 


CHMe2 


0 


V™ 

CHMe2 


'OMe 


(7)  (8) 

Thymoqumo1  has  been  isolated  from  the  essential  oil  of  bitter  fennel 

ltd  berfaZI  r  ^  N“'th  American 

''  j  ber«»mot  [Monarda  jislulosa  Linn.  (Labiatae)  and  from  the 

hedS,  °f  ^  Toxbur£hlanum  Benth.  ( Umbelliferae )™.  It  is  also  a 
heartwood  constituent  of  Tetraclinis  articuLa  (Vahl)  Miters 
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( Cupressaceae)~ 5  and  of  the  incense  cedar  \Libocedrus  decurrens  Torrey 
(' Cupressaceae )]26.  From  all  sources,  excepting  the  first  two,  the 
quinone  (7)  was  obtained  as  well. 

Zavarin  and  Anderson26-27  have  established  that  both  the  quinone 
and  the  quinol  are  primary  products  in  the  incense  cedar  but  this 
may  not  be  the  case  in  other  plants.  These  authors  demonstrated 
that  the  quinol  is  not  very  susceptible  to  atmospheric  oxidation  at 
normal  temperatures  but,  on  the  other  hand,  is  partly  converted  into 
thymoquinone  during  steam  distillation  which  is  normally  one  stage 
in  the  isolation  procedure.  Incense  cedar  heartwood  contains  in 
addition  the  closely  related  phenols,  carvacrol26,  /?-methoxy- 
carvacrol28,  />-methoxythymol28,  libocedrol29  (8)  and  at  least  one 
other  quinonoid  compound*.  Erdtman  and  Rennerfelt30  have 
shown  that  thymoquinone,  thymoquinol,  carvacrol  and  thymol  (all 
present  in  Tetraclinis )  are  toxic  to  various  wood-rotting  fungi  and  the 
excellent  decay  resistance  of  the  heartwood  must  be  due,  in  part,  to 
the  presence  of  these  compounds. 

Another  group  of  simple  quinones  comprises  hydroxylated  and 
methoxylated  derivatives  of  benzoquinone  and  toluquinone,  most  of 
which  are  mould  products. 

2 -Methoxybenzoquinone  (9),  C7H603,  yellow  needles,  m.p.  144° 

2  :  6 -Dimethoxybenzo quinone  (10),  C8H804,  yellow  needles  m.p.  260° 


(9)  (10) 


It  has  been  recognized  for  many  years  that  the  presence  of  wheat 
germ  in  flour  has  an  adverse  effect  on  the  baking  quality.  This  is 
ascribed  to  glutathione,  and  Hallett  and  Stern31  found  that  good 
bread  could  be  made  if  the  glutathione  was  removed  by  pre¬ 
fermentation  with  baker’s  yeast  before  mixing  with  flour.  Vuataz32 
showed  that  the  glutathione  combined  with  another  substance 
formed  during  the  fermentation  which  he  was  able  to  isolate  by 
chloroform  extraction  of  the  fermentation  liquor.  This  material 
proved  to  be  a  mixture  of  two  compounds  identified  by  Cosgrove 
*  A  red  quinone,  m.p.  155°,  has  been  isolated  and  appears  to  be  3-libocedryl- 
thymoquinone27. 
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and  co-workers33  as  2-methoxybenzoquinone  (9)  and  2 : 6-di- 
methoxybenzoquinone  (10).  About  80  mg.  of  the  former  and  1 0  mg. 
of  the  latter  can  be  obtained  from  150  g.  of  wheat  germ34.  About  the 
same  time  Bungenberg  de  Jong  and  his  associates35a  isolated 
methoxybenzoquinone  by  treating  an  aqueous  extract  of  wheat 
germ  with  potassium  bromate  under  acid  conditions.  No  yeast  was 
required  and  they  showed  that  a  precursor,  methoxyquinol  mono- 
glucoside,  was  present  in  the  aqueous  extract.  A  synthetic  specimen 
was  obtained  by  condensing  the  quinol  with  penta-acetylglucose 
using  />-toluenesulphonic  acid  as  catalyst;  hence  the  glucoside  has 
probably  a  /^-configuration36  but  it  is  not  known  which  quinol 
hydroxyl  is  involved.  The  dimethoxyquinone  appears  to  have  a 
similar  precursor35'5.  It  is  believed  that  these  quinol  glucosides  play 
an  important  part  in  the  germination  process3513. 

Some  types  of  flour  contain  a  proportion  of  wheat  germ  and  a 
germ  dough  acquires  a  pink  tinge  on  standing  no  doubt  due  to  the 
reaction  of  methoxyquinone  (formed  by  hydrolysis  and  oxidation  of 
the  glucoside)  with  other  substances  present  containing  amino  or 
thiol  groups.  The  same  effect  produced  by  the  flour  beetle  secretions 
has  already  been  noted.  Both  methoxyquinone34  and  the  quinol37 
are  effective  flour  improvers  but  as  they  also  discolour  bread  they 
are  useless  for  this  purpose.  During  the  isolation  of  ethyl-  and 
methy  1-benzoquinone  from  the  flour  beetle  Tribolium  castaneum , 
Loconti  and  Roth17  obtained  a  trace  of  methoxybenzoquinone.  It 
seems  probable  that  this  originated  in  the  flour  on  which  the  insects 
were  cultured. 

The  herbaceous  plant,  Adonis  vernalis  Linn.  (Ranunculaceae) ,  valued 
in  some  countries  for  its  cardiac  glycosides,  also  contains  a  small 
amount  of  2:6-dimethoxybenzoquinone38. 

^-Methoxybenzoquinone  may  be  prepared  by  a  Dakin  oxidation 
oi  vanillin  to  give  methoxyquinol  which  may  be  conveniently  oxi- 
dized  to  the  quinone  with  a  suspension  of  lead  peroxide  in  benzene39 
2:b-D imethoxybenzoquinone  is  readily  obtained  by  vigorous 
oxidation  of  pyrogallol  trimethyl  ether  with  nitric  acid  in  ethanol40. 

tx^toZT0,uimne  (II)’  C8Hs°4’  ye"ow  prisms’  m-p- 

'J  o 


0 

(11) 
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This  quinone  is  produced  by  Polyporus  fumosus  (Pers.)  Fries  when 
grown  on  a  corn-steep-glucose  medium  and  can  be  isolated41  from 
the  culture  filtrate.  Other  Polyporus  species  grown  on  the  same 
medium  give  rise  to  a  substance  having  a  similar  absorption  spec¬ 
trum  and  it  is  conceivable  that  a  precursor  is  present  in  the  corn- 
steep  liquor. 

2 : 5-Dimethoxyquinone  can  be  prepared42  by  the  addition  of 
methanol  to  benzoquinone  in  the  presence  of  zinc  chloride,  a  reac¬ 
tion  which  illustrates  the  great  reactivity  of  benzoquinone  towards 
nucleophilic  reagents.  In  contrast,  the  2 : 5-dimethoxy  derivative 
(11)  is  very  unreactive  as  conjugation  of  each  carbonyl  group  with  a 
methoxyl  group  converts  the  a^-unsaturated  ketone  systems  into 
vinylogous  ester  groups. 

Ralph  and  Robertson110  have  isolated  two  catechol  derivatives 
from  the  metabolism  solution  of  P.  tumulosus  Cooke  grown  on  a  syn¬ 
thetic  medium  containing  ‘Marmite’.  One  of  these,  2:4:5-tri- 
hydroxyphenylglyoxylic  acid  (a),  forms  bright  red  prisms,  m.p.  193° 
(decomp.),  and  in  view  of  its  colour  it  presumably  exists  in  one  of  the 
tautomeric  quinone  forms  (b)  or  (c)155.  The  other  catechol  deriva¬ 
tive  is  homocatechuic  acid  which  is  possibly  a  precursor  of  the 
glyoxylic  acid. 


(a)  (b)  (c) 

Tetrahydroxy benzoquinone  (12),  C6H406,  bluish  black  plates,  no  m.p. 


(12) 

This  is  not  strictly  a  natural  quinone  as  its  formation  occurs  only 
under  artificial  conditions.  It  was  observed  first  as  a  purple  dis¬ 
colouration  on  a  sample  of  salted  beans  and  the  investigations  o 
Hof43  revealed  that  this  was  caused  by  a  bacterium,  Pseudomonas 
beijerinckii  Hof,  which  is  normally  present,  pigment  formation  occur¬ 
ring  under  appropriate  conditions.  In  laboratory  cultures  a  slightly 
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alkaline  bean  extract,  containing  12  per  cent  sodium  chloride  was 
used  but  difficulty  was  experienced  in  purifying  the  colouring  matter 
owing  to  its  extreme  insolubility  in  organic  solvents. 

The  structure  was  recognized44  when  the  precursor  present  in  the 
bean  extract  was  found  to  be  myo-inositol  and  the  Scherer45  reaction, 
used  in  the  identification  of  the  latter,  gave  a  product  which  bore  a 
striking  resemblance  to  the  purple  pigment.  In  this  reaction  myo¬ 
inositol  is  evaporated  to  dryness  with  nitric  acid,  the  residue  is 
treated  with  dilute  ammonia  and  a  little  aqueous  calcium  chloride, 
and  again  evaporated.  The  residual  red  solid  is  essentially  a  mix¬ 
ture  of  calcium  salts  of  tetrahydroxybenzoquinone  and  rhodizonic 
acid.  Conversion  of  the  crude  pigment  into  its  barium  salt  con¬ 
firmed  that  tetrahydroxybenzoquinone  was  the  parent  colouring 
matter,  the  purple  pigment  being  the  calcium  (and  probably  also 
the  magnesium)  salt. 


When  Ps.  beijerinckii  was  cultured  on  an  agar  medium  it  was 
observed  that  some  of  the  pigment  appeared  at  a  considerable  dis¬ 
tance  from  the  bacterial  colonies  and  further  experiments  made  it 
evident  that  the  bacterium  produces  initially  a  colourless  substance 
which  is  subsequently  oxidized.  The  nature  of  this  substance  has 
not  been  determined  but  Kluyver  el  a/.44  found  that  Acetobacter 
suboxydans  could  convert  myo-inositol  into  a  monoketoinositol  which 
led  them  to  suggest  that  the  action  of  Ps.  beijerinckii  is  to  oxidize  myo¬ 
inositol  to  a  triketoinositol  (13),  tautomeric  with  hexahydroxy- 
jenzene,  which  is  known  to  undergo  rapid  oxidation  in  weakly 


H  OH 


0 


an 


agar  medium  and  even  in  aqueous  culture 
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the  pigment  disappears  in  time.  This  quinone  was  formerly  of  some 
interest  as  an  analytical  reagent  for  the  detection  of  barium  and  as  an 
indicator  in  sulphate  estimations  but  rhodizonic  acid  is  a  superior 
reagent. 

Gentisy l quinone  (15),  C7H603,  yellow  needles,  m.p.  76° 


(15) 


Gentisyl  alcohol  [the  quinol  of  (15)]  has  been  found  together  with 
the  antibiotic  patulin  in  the  metabolism  solutions  of  Penicillium 
patulum  Bainier48  (=  P.  urticae  Bainier)  and  P.  divergens  Bainier  and 
Sartory49.  Under  appropriate  conditions  some  of  the  quinone  (15) 
is  also  formed  in  cultures  of  P.  patulum  and  Engel  and  Brzeski50  were 
able  to  isolate  a  deep  violet  quinhydrone,  m.p.  86-89°,  by  solvent 
extraction.  It  is  not  clear  whether  the  oxidation  is  effected  by  the 
organisms  or  otherwise.  The  compound  shows  typical  quinhydrone 
properties  being  oxidized  to  gentisylquinone  by  ferric  alum  and 
reduced  to  gentisyl  alcohol  by  the  action  of  hydriodic  acid.  Cata¬ 
lytic  reduction  over  palladium-charcoal  also  yields  gentisyl  alcohol 
whilst  toluquinol  is  formed  if  a  platinum  catalyst  is  used.  Both 
acetylation  and  reductive  acetylation  afford  the  triacetate  of  the 
alcohol  and  the  trisphenylurethane  is  obtained  by  reaction  of  the 
metabolite  with  phenyl  isocyanate.  The  constitution  was  detei  mined 
by  titration  with  iodine,  by  quantitative  acetylation  and  by  polaro- 
graphic  analysis,  each  method  showing  that  three  molecules  of 
gentisyl  alcohol  were  combined  with  one  of  gentisylquinone.  A 
synthetic  sample,  prepared  by  mixing  ethereal  solutions  of  gentisyl 
alcohol  and  gentisylquinone,  was  identical  with  the  product  obtained 
from  P.  patulum.  This  violet  product  (C7H803)3*C7H603,  is  the 
only  natural  benzoquinone  which  is  hydroxylated  in  the  side  chain, 
a  structural  feature  common  to  a  number  of  naphthaquinones  and 

anthraquinones.  ,  , 

In  addition  to  the  products  mentioned  above  Brack  also  iso¬ 
lated  a  trace  of  gentisic  acid  from  the  metabolism  solution  ol  P. 
patulum  and  this  quinol  is  also  a  metabolic  product  of  P.  divergens 
and  P.  griseo-fulvum  Dierckx51.  The  benzyl  ester  has  been  found  in  the 

14 


BENZOQUINONES 

bark  oC Populus  alba  Linn.  ( Salicaceae )  and  it  is  interesting  that  esteri- 
fied  gentisic  acid  occurs,  along  with  other  phenolic  compounds,  in 
the  scent  glands  of  the  beaver  ( Castor  fiber)13  ( see  p.  7). 

Although  gentisaldehyde  has  not  yet  been  observed  in  Nature, 
two  alkylated  derivatives,  auroglaucin  and  flavoglaucin,  are  mould 
metabolites  (see  p.  40). 

5-i\lethoxy-2-methylbenzoquinone  (16),  C8H803,  yellow  spangles,  m.p. 
175° 

Fumigatin  (17),  C8H804,  maroon  needles,  m.p.  116° 


The  simple  toluquinone  derivative  (16)  was  found  in  the  culture 
filtrates  of  two  fungi53,  Coprinus  similis  B.  and  Br.  and  Lentinus  degener 
Kalchbr.,  grown  on  beech  wood  shavings  in  a  Czapek-Dox  medium 
containing  glucose  and  corn-steep  solids.  Once  again  there  is  the 
possibility  that  the  sugar  is  not  the  source  of  the  quinone  and  a 
precursor  may  exist  in  the  other  organic  adjuvants.  5-Methoxy- 
2-methylbenzoquinone  can  be  obtained  synthetically54  by  1:4 
addition  of  methanol  to  toluquinone  but  the  yield  is  poor  and  it  is 
more  satisfactory  to  prepare  the  hydroxy  derivative  by  Thiele 
acetylation  of  toluquinone  and  methylation  of  the  product55. 

The  metabolism  solution  of  a  certain  strain  of  Aspergillus  fumigatus 
fresemus  grown  on  a  Raulin-Thom  medium  is  yellowish-brown 
but  on  making  alkaline  it  becomes  a  permanganate  colour.  This 
striking  change  led  Anslow  and  Raistrick5*  to  investigate  the 
solution  from  which  they  isolated  the  quinone  (17).  The  corre¬ 
sponding  quinol  is  also  present  and  both  are  metabolic  products  the 

mould  tl0nS  Varymg  aCC°rding  t0  the  sta§e  of  development  of  the 

Fumigatin  has  the  molecular  formula  C8H804  and  since  it 

C-Meaa„mdOno0naeCO  Mand  *  ^  contains  one 

.  onte  ,°-Me  grouP,  it  is  evidently  a  hydroxymethoxv- 
oluquinone.  1 1  does  not  react  with  o-phenylenediamine.  Synthesis” 
the  three  possible  dimethoxytoIu-/.-quinones  showed  that  5-fi 
dimethoxy-2-methylbenzoquinone  was  identical  with  the  methyl 
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ether  of  the  natural  product.  Fumigatin  is  therefore  (17)  or  (18) 
and  a  decision  in  favour  of  the  former  followed  the  demonstration 
that  its  ethyl  ether  was  not  identical  with  5-ethoxy-6-methoxy- 
2-methylbenzoquinone  which  was  prepared  from  vanillin56. 


0 

08) 


Baker  and  Raistrick58  confirmed  structure  (17)  by  synthesis. 
3 :4:5-Trimethoxy toluene  (19)  was  treated  with  acetyl  chloride 
and  aluminium  chloride  in  ether  to  give  (20)  with  simultaneous 
fission  of  an  o-methoxyl  group.  Dakin  oxidation  then  gave  (21) 
from  which  fumigatin  was  derived  by  oxidation  with  cold  aqueous 
ferric  chloride.  At  about  the  same  time,  Posternak  and  Ruelius59 
published  another  synthesis  starting  from  3 : 5-dihydroxy-4- 
methoxytoluene  (22 ;  R  =  H) ;  nitrosation  and  reduction  provided 
(22;  R  =  NH2)  from  which  fumigatin  was  obtained  by  oxidation. 


(19)  (20)  (21)  (17) 


(22)'  (23)  (24)  (25) 


Recently  Seshadri  and  his  co-workers60,  in  support  of  their  scheme 
of  biogenesis61  of  mould  products  (see  p.  4),  have  obtained 
fumigatin  methyl  ether  by  a  route  starting  from  methyl  orsellinate 
(23).  o-Hydroxylation606  (formylation  by  the  Hoesch  procedure 
followed  by  Dakin  oxidation)  gave  (24;  R  =  H),  the  dimethyl 
ether  (24-  R  =  Me)  of  which  was  subjected  to  an  alkaline  pei sul¬ 
phate  oxidation  and  the  resulting  quinol  ester  (25)  was  hydrolyse 
and  then  oxidized  with  silver  oxide  to  form  fumigatin  methyl  ether , 
decarboxylation  taking  place  concunently. 
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Spinulosin  (26),  C8H805,  purple-black  plates,  m.p.  203° 


(26) 


As  a  result  of  the  extensive  investigations  of  H.  Raistrick  and  his 
collaborators  on  the  biochemistry  of  micro-organisms,  a  large 
number  of  metabolic  products,  including  many  quinones,  have 
been  isolated  and  identified.  The  first  mould  product  to  be 
recognized  as  a  quinone  was  spinulosin62,  an  intensely  coloured 
pigment  obtained  originally  from  the  metabolism  solutions  of  three 
strains  of  Penicillium  spinulosum  Thom  grown  on  a  modified  Czapek- 
Dox— glucose  medium.  As  the  formula  (26)  shows,  spinulosin  is 
closely  related  to  fumigatin  and  it  is  noteworthy  that  both  products 
are  formed  by  the  same  mould  species.  In  their  work  on  fumigatin, 
Anslow  and  Raistrick56  found  that  it  was  produced  by  only  one  out 
of  the  six  strains  of  Aspergillus  fumigatus  examined  and  later  they 
discovered  that  a  different  strain,  cultured  under  the  same  condi- 
tions  gave  rise  to  spinulosin63.  Hosisima65  has  also  isolated 
spinulosin  from  an  unidentified  Penicillium  of  the  Monoverticillata- 
Mncta  group  ( possibly  P.  spinulosum)  together  with  an  orange  pigment 
m.p.  184-5  ,  having  antibiotic  properties  similar  to  those  of  fumiffa tin' 
P.  cinerascens  Biourge64  is  another  source  of  spinulosin 

Spinulosin  forms  a  diacetate  and  a  teictetra-acetate,  contains 
one  methoxyl  group  and  titrates  as  a  dibasic  acid.  It  gives  a 
c  aractenstic  rich  brown  colour  with  ferric  chloride  and  its  alkaline 

be  C  HO  oS  the  molecular  formula  was  found  to 

be  08H805,  Birkinshaw  and  Raistrick^  concluded  that  the  molecule 

was  a  dihydroxymethoxytoluquinone  and  the  orientation  of  the 

nrZredfrefClCar  ^  that  spinulZ  couM  ^ 

re.rCet^7277‘fcfn-  Thidea“Vlat.on  of  fumigatin  gives  the 
position  The  dent  7  °CCUmnS  at  the  onlY  vacant  quinonoid 

Auhn  and  Erdtman68  after  comna  ‘  pie,yiOUSy  been  suggested  by 

alter  comparing  the  colour  of  spinulosin  with 

17 


BENZOQUINONES 

other  dihydroxybenzoquinones  in  alkaline  solution,  and  synthetic 
confirmation  was  obtained  later  by  Anslow  and  Raistrick66. 
Addition  of  acetic  anhydride  to  5-methoxy-2-methylbenzoquinone 


gave  the  triacetate  (28)  from  which  the  hydroxymethoxytolu- 
quinone  (29a)  was  derived  by  hydrolysis  and  oxidation.  When  this 
quinone  is  dissolved  in  alcohol  containing  a  great  excess  of  methy- 
lamine,  large  purple-black  plates  of  a  methoxybismethylamino- 
toluquinone  slowly  separate.  It  was  shown  later67  that  the  diamino- 
quinone  was  not  5-methoxy-2-methyl-3 : 6-bismethylamino-benzo- 
quinone,  which  was  obtained  by  reaction  of  5 : 6-dimethoxy-  and 
3:5: 6-trimethoxy-2-methylbenzoquinone  with  methylamine,  and 
is  therefore  (30),  arising  by  addition  of  the  amine  to  the  tautomeric 
form  (b)  of  (29).  This  also  accounts  for  the  replacement  of  a 
hydroxyl  group  in  preference  to  a  methoxyl  group  which  is  difficult 
to  interpret  in  terms  of  formula  (29a).  Addition  of  methylamine 
and  subsequent  hydrolysis  is  a  standard  method  for  introducing 
hydroxyl  groups  into  benzoquinones,  but  when  hydroxyl  and 
methoxyl  groups  are  already  present  the  results  are  sometimes 
anomalous67. 

Aurantiogliocladin  (31),  C10H12O4,  orange  plates,  m.p.  62-5 


0 


0 

(31) 


Me 

Me 


A  group  of  three  closely  related  antibiotic  substances  has  been 
isolated  from  the  culture  filtrate  of  a  species  of  Ghocladium  (probably 
G.  roseum  Bainier)  grown  on  a  Raulin-Thom  solution  containing 
glucose.  The  two  coloured  products  were  the  orange  quinone, 
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aurantiogliocladin  (3 1 )  and  the  corresponding  dark  red  quinhydrone, 
rubrogliocladin.  The  relationship  was  indicated  by  analysis  and  the 
formation  of  the  same  quinol  and  the  same  2:4-dinitrophenyl- 
hydrazone  from  both  compounds.  Comparison  of  their  ultra¬ 
violet  spectra  revealed  maxima  at  275  and  407  m ju  in  both  cases, 
the  intensity  of  the  quinone  peaks  being  approximately  twice  those 
of  the  quinhydrone.  Finally  the  quinhydrone  was  synthesized 
from  equal  amounts  of  aurantiogliocladin  and  its  quinol,  and 
proved  to  be  identical  with  rubrogliocladin. 

The  structural  investigation  of  aurantiogliocladin  was  com¬ 
pleted  by  Yisher70.  As  the  molecular  formula  is  C10H12O4  and  two 
methoxyl  groups  are  present,  the  orange  metabolite  is  evidently  a 
dimethoxybenzoquinone  containing  an  alkyl  group  or  groups 
(=  C2H6).  It  did  not  react  with  o-phenylenediamine.  Methylation 
of  the  quinol  yielded  an  oily  tetramethyl  ether  which  afforded  a 
tetramethoxyphthalic  acid  on  degradation  with  alkaline  perman¬ 
ganate.  Decarboxylation  of  this  with  copper  chromite  in  quinoline 
gave  1 :2:3:4-tetramethoxybenzene.  From  this  data  it  follows  that 
aurantiogliocladin  is  5:6-dimethoxy-2:3-dimethylbenzoquinone 
(31).  The  structure  was  established  by  synthesis71.  3  ^-Dimethyl- 
phenol  was  converted  by  the  hexamine  method72  into  the  hydroxy- 
aldehyde  (32)  which  was  nitrated  and  then  oxidized  with  alkaline 


nh2 

MeOj  .Me 
MeO  Me 


(34) 


NH2 

(35) 


hydrogen  peroxide  to  give  the  catechol  (33).  After  methylation  and 
catalytic  reduction  of  the  mtro  group,  the  amine  (34)  was  converted 
into  the  diamine  (35)  by  coupling  and  reduction  of  the  aminoazo 
compound,  and  finally  oxidized  with  ferric  chloride  to  give  (31) 
identical  with  the  natural  product. 

ofThe' Jronn  «  the  most  interesting 

O  the  group  This  is  a  colourless  substance  isomeric  with  aurantio 

g hoc  adm  quinol  (36)  to  which  it  rapidly  rearranges  in  the  presence 

of  a  base.  In  consequence  both  the  quinol  and  gliorosein  form  the 

s»s:3S=s:=M3se-S 

19 


BENZOQUINONES 

oxidized  by  ferric  chloride  but  gives  a  positive  reaction  with  tetra- 
nitromethane  indicating  the  presence  of  an  ethylenic  double  bond. 
All  these  facts  are  in  harmony  with  the  diketo  structures  (37)  or  (38), 
both  of  which  would  tautomerize  rapidly  in  alkaline  solution  to  the 


dienol  (36).  Spectroscopic  evidence  supports  these  structures  with¬ 
out  distinguishing  between  them.  Formula  (37)  seems  the  more 
probable :  the  vinylogous  ester  groups  could  account  for  the  failure 
of  gliorosein  to  form  carbonyl  derivatives  and  if  the  alternative 
structure  (38)  were  correct  it  might  be  expected  that  enolization  in 
alkaline  solution  would  be  accompanied  by  an  elimination  reaction 
and  some  5-methoxy-2 : 3-dimethyl-benzoquinone  would  be  formed. 
This  has  not  been  observed. 

Gliorosein  is  the  only  benzoquinol  which  has  been  found  in  Nature 
in  the  tautomeric  diketo  form  (there  is  also  one  example  in  the 
naphthaquinol  series)  and  there  is  little  doubt  that  it  is  a  natural 
product  and  not  an  artefact.  Visher  makes  the  interesting  suggestion 
that  it  may  be  an  intermediate  in  the  formation  of  a  benzene  ring 
from  glucose.  Compounds  of  the  same  type,  obtained  by  1:2 
addition  to  benzoquinones  (e.g.  benzoquinone  dichloride)  can  be 
induced  to  enolize,  but  it  is  not  possible,  as  a  rule,  to  tautomerize 
a  benzoquinol  to  the  diketo  form'3  (but  see  ref.  159). 

In  addition  to  spinulosin  there  are  two  small  groups  of  natural 
colouring  matters  related  to  2 : 5-dihydroxybenzoquinone.  One  type, 
distinguished  by  a  long  alkyl  side  chain,  occurs  in  several  species  of 
Myrsinaceae  found  in  Africa  and  India,  some  of  which  find  a  use  in 
native  medicine.  Homologous  quinones  like  embelin  (39)  and 
rapanone  (50a)  are  not  easy  to  distinguish  from  each  other;  in  parti¬ 
cular,  mixed  melting  point  determinations  are  not  trustworthy  and 
homologous  compounds  may  have  the  same,  or  nearly  the  same, 
melting  point  and  mixed  melting  point.  This  led  to  some  dilhculty 

in  their  identification. 
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Embelin  (. Embelic  acid)  (39),  C17H2604,  lustrous  orange  plates, 
m.p.  142-143° 


(39) 


Embelin  has  been  isolated  from  the  berries  of  the  following  Myrsi- 
naceous  shrubs:  Embelia  ribes  Burm.74,  E.  robusta  Roxb.75,  E.  kili- 
mandscharica  Gilg.  (7*58  per  cent  of  the  dried  fruit)76  and  E. 
barbeyana  Mez.  (from  the  root  in  this  case) :  Myrsine  africana  Linn78. 
M.  semiserrata  Wall75  and  M.  capitellata  Wall75:  Rapanea  neurophylla 
Mez76. 

The  dried  fruit  of  Embelia  ribes  has  been  used  for  a  long  time  in 
India  for  the  treatment  of  ringworm  and  other  skin  diseases,  and 
as  an  anthelmintic,  particularly  against  tapeworm74’79.  Taken  with 
liquorice  root  it  has  been  recommended  for  ‘strengthening  the  body 
and  preventing  the  effect  of  age’81.  The  active  principle  was  first 
isolated  by  Warden'4  who  gave  the  molecular  formula  as  C9H1402. 
It  was  characterized  as  a  dihydroxyquinone  by  Heffter  and  Feuer- 
stein80  since  it  was  readily  reduced  and  reoxidized,  and  formed  a 
pale  yellow  dibenzoate  and  a  violet  anilino  derivative.  As  oxida¬ 
tion  with  alkaline  permanganate  afforded  lauric  acid  and  their 
rnokcukr  formula  was  C18H2804,  these  authors  proposed  structure 
(40;  R  =  Me).  Other  workers  accepted  the  C18  formula  and 


r«SRnlaMef b de>Ib  f  ret  frhCr  evidence  for  structure 

rirst ir?,  ,!k  -  mTS  s  'Tt 

for  the  presence  of  a  ,hvl  "  WaS  n°  P°skive  evidence 

I  esence  ot  a  methyl  group  they  proposed  structure  (43) 
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1  hey  supported  their  views  by  a  synthesis  of  2-undecyl-5-methyl- 
3 : 6-dihydroxybenzoquinone  (40 ;  R  =  Me)  which  was  similar  to, 
but  not  identical  with,  the  natural  product  and  then  proceeded  to 
prepare  the  dodecyl  isomer  (43).  This  compound  had  a  melting 
point  of  143°  which  was  not  depressed  on  admixture  with  embelin 
and  furthermore  the  dibenzoate  and  /m:otetra-acetate  of  the  syn¬ 
thetic  and  natural  products  were  found  to  be  identical  by  mixed 
melting  point  determinations*.  Accordingly  embelin  was  con¬ 
sidered  to  be  (43).  This  is  incorrect  however  and  it  was  shown 
later83  that  oxidation  of  the  dodecyl  compound  with  alkaline  hydro¬ 
gen  peroxide  gives  tridecoic  acid  and  not  lauric  acid  which  is 
actually  obtained  from  embelin. 

The  true  structure  was  established  by  Asano  and  Yamaguti83  who 
drew  attention  to  the  unreliability  of  mixed  melting  point  deter¬ 
minations  in  this  series.  They  pointed  out  that  a  quinone  with  a  C12 
side  chain  would  not  be  expected  to  form  lauric  acid  on  oxidation 
whereas  structure  (40 ;  R  =  H)  would  account  satisfactorily  for  all 
the  degradation  products  obtained.  A  quinone  of  this  structure  was 
synthesized  and  shown  to  be  identical  with  the  natural  pigment  by 
comparison  of  their  x-ray  powder  photographs. 

Embelin  was  synthesized  as  follows:  ethyl  trimethoxybenzoyl- 
acetate  (44)  was  alkylated  with  nonyl  iodide  and  the  product  hydro¬ 
lysed  to  give  the  ketone  (45).  This  was  then  reduced  by  Asahina’s 
method84,  using  sodium  in  boiling  tyoamyl  alcohol,  to  form  3:5- 
dimethoxy-l-undecylbenzene  (46)  which  was  oxidized  by  sodium 


*  A  small  discrepancy  in  the  totetra-acetate  determinations  was  ignored. 
The  melting  points  were  ‘natural’  121°,  synthetic  120  ,  mixture  119  . 
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dichromate  in  hot  acetic  acid  to  the  quinone  (47).  Subsequent 
addition  of  dimethylamine  followed  by  acid  hydrolysis  afforded 
2-undecyl-3 : 6-dihydroxybenzoquinone  identical  with  embelin.  The 
dodecyl  homologue  (43)  was  obtained  by  the  same  procedure. 
Neither  compound  depressed  the  melting  point  of  the  natural  pro¬ 
duct  but  the  dibenzoate  and  /ewcotetra-acetate  of  (43)  gave  small,  but 
definite,  melting  point  depressions  when  mixed  with  the 
corresponding  ‘natural’  derivatives. 

Two  further  syntheses  have  been  reported.  A  more  convenient 
route  used  by  Asano  and  Hase85  started  from  the  ketone  (48) 

OH 

coci0h21 

OMe 
(48) 


obtained  by  Friedel-Crafts  acylation  (and  partial  demethylation)  of 
quinol  dimethyl  ether  using  undecoyl  chloride.  Clemmensen 
reduction,  demethylation  and  oxidation  gave  2-undecylbenzo- 
quinone  (49)  from  which  embelin  was  derived  by  addition  of  two 
moles  of  dimethylamine  and  final  hydrolysis.  More  recently  Fieser87 
has  made  use  of  his  peroxide  alkylation  procedure86  to  prepare 
embelin.  Decomposition  of  lauroyl  peroxide  in  a  hot  acetic  acid 
solution  of  2 : 5-dihydroxybenzoquinone  gave  2-undecyl-  and  a  little 


+ 


(Ci)H  23^2)2 


HO/^  jjC|iH23 

Y 

0 


4- 


»A 


HO/\C"H23 

CnH^  /OH 


2 :  o-di-undecyl-3 : 6-dihydroxybenzoquinone  which  were  easily  sepa- 

srvmhp/DerPltei  lrC  l0W  yield’  this  is  ^  far  the  most  convenient 
synthesis  of  embelin  and  related  compounds. 


Rapanone  (50a),  C19H30O4,  lustrous 


orange  plates,  m.p.  141-142° 


u 

hoiA 


'WOH 


0 

(50a) 


23 


0 

(50  b) 


BENZOQUINONES 


This  colouring  matter  was  first  found  in  the  bark  and  woody  portions 
of  the  Japanese  shrub  Rapanea  maximowiczn  Koidz.  ( Myrsinaceae )88 
and  has  since  been  extracted  from  the  bulbs  of  Oxalis  purpurata  var. 
jacquinii  (Sonder)  (Geraniaceae)^^1 . 

The  structure  was  established  by  the  work  of  Asano  and  Yama- 
guti90  who  prepared  a  dibenzoate  and  a  /m:otetra-acetate,  and 
showed  that  myristic  acid  was  obtained  on  oxidation  with  alkaline 
permanganate  whilst  an  alkaline  hydrolysis  gave  a-ketopalmitic 
acid.  From  this  it  was  evident  that  rapanone  was  a  higher  homologue 
of  embelin  having  a  C13  side  chain  which  was  confirmed  synthetically. 
Starting  from  ethyl  galloylacetate  and  undecyl  iodide,  Asano  and 
Yamaguti  prepared  the  quinone  (50a)  following  the  route  previously 
used  in  their  synthesis  of  embelin;  the  next  homologue  (50b)  was 
obtained  in  a  similar  fashion.  It  was  found  that  the  melting  point  of 
rapanone  was  not  depressed  by  either  of  the  synthetic  quinones,  all  of 
which  melt  at  the  same  temperature.  The  dibenzoates  were  also 
indistinguishable  but  the  melting  point  of  rapanone  /mrotetra- 
acetate  was  depressed  on  admixture  with  that  of  the  tetradecylquinone 
(50b).  On  this  basis  rapanone  has  the  structure  (50a)  in  agreement 
with  the  degradative  evidence.  This  has  been  fully  confirmed  by 
Fieser  and  Chamberlin87  who  effected  another  synthesis  of  rapanone 
by  treating  2 : 5-dihydroxybenzoquinone  with  myristoyl  peroxide. 


Maesaquinone  (51),  C26H4204,  orange-red  leaflets,  m.p.  122° 


0 

HO  (CH2)13CH=CH(CH2)3  CH 

Me  OH 


0 

(51) 


The  third  member  of  this  group  was  found  by  Hiramoto91  in  an 
alcoholic  extract  of  the  fruit  of  Maesa  japonica  Moritzi  (Myrsinaceae). 
The  dried  fruit  of  M.  emirnensis  Arn.,  used  as  a  purgative  and 
vermifuge  in  Madagascar,  also  contains  an  orange  pigment, 
m.p.  122°,  which  is  probably  maesaquinone77. 

Maesaquinone  gives  a  violet  solution  in  dilute  alkali  and  forms  a 
diacetate,  a  liquid  dimethyl  ether  and  a  /rwcotetra-acetate.  The 
latter  takes  up  one  mole  of  hydrogen  when  subjected  to  catalytic 
hydrogenation  and  similarly,  the  natural  product  absorbs  two  moles 
of  hydrogen,  the  quinol  produced  reoxidizing  in  air  to  form 

dihydromaesaquinone,  orange-red  leaflets,  m.p.  134°.  Oxidation  of 
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dihydromaesaquinone  with  alkaline  hydrogen  peroxide  yielded  a 
C.,0  acid  which  was  shown92  to  be  arachidic  acid  by  direct  com¬ 
parison  with  a  synthetic  specimen.  These  findings  indicate  that 
maesaquinone  is  a  dihydroxybenzoquinone  with  an  /z-C19  side  chain 
containing  one  double  bond.  Synthesis  of  3:5-dihydroxy-2- 
nonadecyl-benzoquinone  (52),  a  higher  homologue  of  embelin, 
gave  an  orange  quinone,  m.p.  132’5°,  which  closely  resembled 
dihydromaesoquinone.  However  a  mixture  of  the  two  showed  a 
marked  melting  point  depression  whereas  a  mixture  of  (52)  and  its 
homologue  (53)  (m.p.  132°)  showed  no  depression.  In  view  of  this 
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(54) 

and  Asano’s  observations  concerning  embelin  and  its  close  homo- 
logues,  it  seemed  that  dihydromaesaquinone  was  not  distinguished 
from  (52)  and  (53)  merely  by  the  length  of  the  side  chain.  The  new 
feature  was  revealed  by  repeating92  the  alkaline  hydrogen  peroxide 
oxidation  when  a  volatile  acid  was  isolated  by  steam  distillation 
and  identified  as  acetic  acid.  A  methyl  side  chain  is  therefore 
present  and  must  be  at  C5  as  shown  in  (54).  This  was  confirmed  by 
the  following  synthesis93.  The  final  product,  3 : 6-dihydroxy-2- 
nonadecyl-5-methylbenzoquinone  was  obtained  as  orange  plates, 
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m.p.  133  5  ,  and  formed  a  /^wcotetra-acetate, 
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m.p.  121°.  These 
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melting  points  were  not  depressed  when  the  compounds  were 
mixed  with  the  corresponding  derivatives  of  the  natural  pigment. 
This  seems  reasonable  confirmation  of  the  structure  of  dihydro- 
maesaquinone  but  in  view  of  the  uncertainties  in  this  field  a  com¬ 
parison  of  synthetic  and  ‘natural’  specimens  by  modern  methods  is 
very  desirable. 

The  position  of  the  double  bond  in  the  side  chain  has  not  been 
established,  but  ozonolysis  of  maesaquinone  yields  a  dibasic  acid, 
m.p.  1 14°,  which  corresponds  (in  melting  point)  to  tridecan- 1 : 13- 
dicarboxylic  acid.  Accordingly  Hiramoto  proposes  structure  (51) 
for  the  natural  pigment. 

TERPHENYL  DERIVATIVES 

The  second  group  of  colouring  matters  related  to  2 : 5-dihydroxy- 
benzoquinone  occur  principally  in  the  higher  fungi.  Our  knowledge 
of  these  compounds  is  mainly  derived  from  the  investigations  of 
Kogl  and  his  co-workers,  the  most  significant  part  of  their  work 
being  the  isolation  of  />-terphenyl  which  had  not  been  obtained 
previously  from  a  natural  product.  The  formation  of  this  hydro¬ 
carbon  in  zinc  dust  distillations  revealed  that  the  pigments  were 
diphenylbenzoquinones.  One  of  these  colouring  matters  has  also 
been  found  in  lichens  and  they  bear  a  close  relationship  to  the 
pulvinic  acid  group  of  lichen  pigments. 

Polyporic  Acid  (55),  C18H1204,  bronze  leaflets,  m.p.  305-307° 
(decomp.)* 


0 


0 

(55) 


The  original  source  of  this  colouring  matter  was  a  fungus  of  the 
Polyporus  genus  found  by  Stahlschmidt94  on  diseased  oak  trees  in 
the  Eschweiler  forest  of  Germany.  In  a  later  search  of  the  same 
locality  the  fungus  could  not  be  found95,  but  the  pigment  has  since 
been  identified  in  P.  nidulans  Fries96f  and  in  P.  rutilans  (Pers.) 
Fries97 1  constituting  23  per  cent  of  the  dry  weight  of  the  latter. 
Polyporic  acid  also  occurs  in  the  fungus  Pemophora  jilamentosa 

*  m.p.  315°  if  bath  preheated  to  310°. 

|  Possibly  the  same  species. 
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(B.  and  C.)  Burt.  (Thelephoraceae)™ ,  and  in  a  recent  investigation" 
in  New  Zealand  it  has  been  found  in  two  lichens,  Sticta  coronata 
Muell.  Arg.  and  S.  colensoi  Bab.  It  is  probably  identical  with  the 
lichen  pigment  orygmaeic  acid  first  described  by  Zopf98. 

The  structure  of  this  colouring  matter  was  elucidated  by  Kogl96 
using  some  of  Stahlschmidt’s  original  preparations  and  also  material 
obtained  from  P.  nidulans.  The  key  to  the  structure  lay  in  his 
observation  that  />-terphenyl  was  produced  on  distillation  with 
zinc  dust  and  as  the  molecular  formula  was  found  to  be  C18H1204 
this  accounted  for  all  the  carbon  atoms.  The  acidity  of  the  compound 
is  therefore  not  due  to  a  carboxyl  group  and  since  the  formation 
of  a  yellow  diacetate  and  dimethyl  ether  shows  the  presence  of  two 
hydroxyl  groups,  at  least  one  must  be  attached  to  the  quinone  ring. 
In  fact  a  chromic  acid  oxidation  of  the  diacetate,  which  afforded 
only  benzoic  acid,  proved  that  both  hydroxyl  groups  were  linked 
to  the  quinone  system.  From  all  this,  Kogl  concluded  that  polyporic 
acid  was  a  dihydroxydiphenylbenzoquinone  and  it  was  identified 
as  (55)  by  comparison  with  a  synthetic  specimen  previously  obtained 
by  Fichter100. 

In  the  course  of  his  studies  on  the  interaction  of  oxalic  ester  with 
other  esters  Fichter100  observed  the  formation  of  2: 5-dialkyl 
(and  aryl)-3 : 6-dihydroxybenzoquinones  as  by-products.  The 
reactions  were  conducted  in  ether  in  the  presence  of  sodium  and 
were  recognized  by  Kogl101  as  acyloin  condensations  in  which 
some  of  the  intermediate  o-diketone  [e.g.  (56)  from  ethyl  phenyl- 
acetate]  condensed  further  with  oxalic  ester.  In  view  of  the  number 

2PhCH2C02Et  - ►  PhCHyCO  •  CO-  CH2  Ph  (56) 

EtO-CO-CO-OEt 


Ph  CH-CO-CO-CH  Ph 
CO - CO 


thfat°hibco„'ldahl°nS  tHe  l07Jiel<!,is  n0t  surPr*s*ng;  Koglshowe, 

pr^ecd  fil  ,nH 'lCreaSeu  Y  3  8  thC  aCyl°in  reaction  ‘ 

stream  of  ^  ^  g  the  °Xalic  ester  while  passing 

stream  of  oxygen  through  the  solution.  Even  so  the1  viehf  r 
diaryldihydroxyquinone  was  only  c.  1  -3  per  cent.  ’  } 
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In  further  investigations,  Fichter100  showed  that  the  intense 
violet  colour  of  these  compounds  in  alkaline  solution  disappeared 
on  prolonged  boiling  and  a  mixture  of  two  stereoisomeric  dialkyl 
(or  aryl)  succinic  acids  was  formed.  He  explained  his  results  by 
assuming  that  the  dihydroxyquinone  underwent  hydrolytic  fission 
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in  the  tautomeric  form  (57)  followed  by  a  benzilic  acid  rearrange  - 
ment  of  the  triketone  (58)  as  shown  above.  Intermediate  products 
were  not  isolated  but  he  showed  that  a  ketolactonecarboxylic  acid 
of  type  (59),  prepared  independently,  yielded  dialkylsuccmic  acids 
and  carbon  dioxide  when  refluxed  with  aqueous  sodium  hydroxide 
under  the  same  conditions.  When  polyporic  acid  was  hydrolysed 
in  this  way  Kogl102  obtained  four  acids  which  were  identified  as 
1  -benzyl-2-phenylsuccinic  acid  (60;  R  =  Ph),  two  a-benzyl- 
cinnamic  acids  (62;  R  =  Ph)(of  and  trans  isomers)  and  oxalic  acid. 
A  second  isomer  of  (60;  R  =  Ph)  was  not  detected.  The  formation 
of  the  benzylcinnamic  and  oxalic  acids  implies  that  some  hydrolysis 
of  the  B- diketone  system  in  (58;  R  =  Ph)  occurred  to  give  the 
o-diketone  (61;  R=  Ph)  which  then  underwent  a  benzilic  acid 

1  °  TheTforrnation  of  polyporic  acid  by  Fichter’s  method  is  of  no 
preparative  value  and  a  later  synthesis101  of  the  dimethyl  ether 
namely  the  addition  of  methanol  to  2 : 5-diphenylbenzoquinone 
by  heating  the  mixture  with  zinc  chloride  in  a  sealed  tube  at 
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also  gave  a  low  yield.  A  satisfactory  preparation,  devised  by 
Shildneck  and  Adams103  has  been  modified  recently  by  Frank  and 
co-workers97.  2 : 5-Diphenylbenzoquinone  (63)  was  obtained  by 
reaction  of  quinone  with  benzene  in  the  presence  of  aluminium 
chloride104,  the  crude  product  which  contains  quinols  and  quin- 
hydrones,  being  converted  entirely  to  quinones  by  careful  oxidation 
with  chromium  trioxide  or,  better,  nitrous  acid,  in  acetic  acid. 


Bromination  then  gave  2 : 5-dibromo-3 :6-diphenylbenzoquinone 
from  which  polyporic  acid  was  obtained  on  warming  briefly  with 
alkali.  The  synthetic  pigment  has  also  been  obtained  by  direct 
phenylation  of  2 : 5-dihydroxybenzoquinone105  or  2 : 5-dichloro- 
benzoquinone106,  using  the  nitrosoacylarylamine  procedure  or  the 
Gomberg  method  but  arylation  with  benzoyl  peroxide  is  of  no 
preparative  value86. 


Kogl  has  suggested  that  Fichter’s  synthesis  of  polyporic  acid 
from  phenylacetic  and  oxalic  acids  is  a  possible  mode  of  biogenesis. 
The  same  intermediates,  or  polyporic  acid  itself,  may  also  be  the 
precursors  of  the  yellow  pulvinic  acid  pigments  which  occur  with 
polyporic  acid  in  S',  coronata  and  S’,  colensoi,  and  in  other  lichens 
However,  Mittal  and  Seshadri™  have  recently  suggested  that 

glyceraldehyde.  ^  PUl™iC  “**  "e  “  fr°m  /H>henyl- 


Mromentin  (64),  C18H12Oe,  bronze  leaflets,  no  m.p. 


OH 


(64) 

-  -  rrars 
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during  extraction  with  dilute  aqueous  sodium  hydroxide  atmospheric 
oxidation  occurs  and  the  crude  pigment  is  precipitated  on  acidifi¬ 
cation.  The  yield  of  pure  material  amounts  to  2  per  cent  of  the 
fur-dried  fungus. 

The  early  work  of  Thorner107  merely  indicated  that  the  compound 
was  probably  a  hydroxyquinone  and  nearly  fifty  years  elapsed 
before  Kogl  and  Postowsky108-109  began  their  investigations.  The 
results  of  their  degradative  experiments  were  difficult  to  interpret 
initially  as  the  analysis  figures  indicated  a  molecular  formula 
C20Hi4O7.  However  chemical  evidence  accumulated  to  show  that 
this  could  not  be  correct  and  when  amended  to  C18H1206,  the 
structure  of  atromentin  was  soon  clear.  This  quickly  followed  the 
identification  of  polyporic  acid.  Atromentin  forms  a  tetramethyl 
ether,  a  tetra-acetate  and  a  /^Mcohexa-acetate,  and  gives  /?-terphenyl 
on  zinc-dust  distillation.  The  fact  that  the  dimethyl  ether,  prepared 
by  reaction  with  diazomethane,  is  very  readily  hydrolysed  indicates 
that  two  hydroxyl  groups  are  attached  to  the  quinone  ring.  The 
position  of  the  two  remaining  hydroxyl  groups  was  shown  by 
oxidation  with  alkaline  hydrogen  peroxide  to  give  />-hydroxybenzoic 
acid  and  by  chromic  acid  degradation  of  the  tetra-acetate  which 
produced  />-acetoxy benzoic  acid.  As  the  latter  compound  was  also 
obtained  by  a  similar  oxidation  of  2 : 5-bis(4-acetoxyphenyl)benzo- 
quinone  this  also  verifies  that  the  middle  ring  of  the  terphenyl 
system  is  quinonoid  in  the  natural  pigment.  Atromentin  is  thus 
4' :  4"-dihydroxypolyporic  acid.  _ 

Like  polyporic  acid  atromentin  undergoes  ring  fission10"  in  alkaline 
solution  and  in  this  case  the  intermediate  keto-lactone  (65)  can  be 
isolated.  This  is  formed  in  hot  30  per  cent  aqueous  potassium 
hydroxide  and  on  further  heating  in  50  per  cent  aqueous  potassium 
hydroxide  at  140-165°  it  is  degraded  further  to  a  mixture  of  two 


MeO 


C02H 

VoCH 

CH  | 

\  0 
CO 


(65) 


HO  <^^CH=C-CH2<C^^>  OH 


co2h 

(66) 


isomeric  unsaturated  acids,  m.p.  183°  and  164°.  The  dimethyl 
ether  of  the  compound  of  higher  melting  point  was  synthesized  by  a 
Perkin  condensation  of  />-anisaldehyde  with  /,-methoxydihydro- 
cinnamic  acid  whence  it  follows  that  the  two  acids  are  geometricaf 
isomers  of  structure  (66). 
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Atromentin  was  synthesized  by  Kogl  et  al ,101  using  the  methods 
adopted  for  polyporic  acid,  namely  by  Fichter’s  method  from 
/?-methoxyphenylacetic  ester  and  later  by  addition  of  methanol  to 
2 : 5-bis(4-methoxyphenvl)benzoquinone.  Subsequently  Shildneck 
and  Adams103  prepared  the  pigment  in  good  yield  from  2:5-bis 
(4-methoxyphenyl)quinol  by  bromination,  oxidation  and  alkaline 
hydrolysis  of  the  dibromodianisylquinone  to  give  atromentin-4' :  4"- 
dimethyl  ether.  Demethylation  with  hydriodic  acid  afforded 
/^wcoatromentin  which  was  reoxidized  in  dilute  alkali.  Atromentin 
has  also  been  obtained  via  arylation  of  2 :5-dichlorobenzo- 


=.106 


quinone1 

It  has  been  mentioned  that  oxidation  of  atromentin  with  alkaline 
hydrogen  peroxide  affords  />-hydroxybenzoic  acid  but,  under  acid 
conditions,  oxidation  with  a  limited  amount  of  hydrogen  peroxide 
produces  a  yellow  compound,  C18H10O6,  in  good  yield102.  This 
substance  contains  two  phenolic  groups  and  behaves  as  a  lactone  form¬ 
ing  a  hydroxy-ester  in  boiling  alcohol  and  giving  a  yellow  solution 
in  warm  aqueous  sodium  hydroxide  whence  acidification  liberates 
a  red  acid,  C^H^O/H./D  (atromentic  acid).  On  heating  at  100° 
the  water  of  crystallization  is  lost  and  the  acid  becomes  yellow,  the 
process  being  reversed  on  exposure  to  the  atmosphere.  The  nature  of 
this  acid  was  recognized  when  Kogl  and  his  colleagues  found  that 
treatment  with  hot  50  per  cent  aqueous  potassium  hydroxide 
afforded  oxalic  acid  and  />-hydroxyphenylacetic  acid,  more  than 
1 \  moles  of  the  latter  being  obtained  per  mole  of  starting  acid. 
This  reaction  is  analogous  to  the  alkaline  degradation  of  the  yellow 
lichen  pigment  vulpinic  acid  (69;  R  =  H)  which  is  broken  down 
to  phenylacetic  acid  and  oxalic  acid.  Atromentic  acid  is  thus 
P\P  "^hydroxy pul vinic  acid  (70;  R=OH)  which  agrees  with 
the  formation  of  /^-anisic  acid  and  />-methoxyphenylglyoxylic  acid 
when  the  fully  methylated  derivative  is  oxidized  with  chromium 
tnox’de  in  acetic  acid.  The  initial  product  formed  from  atromentin 
is  the  dilactone  (68;  R  =  OH)  which  can  be  understood  if  the 
qumone^acts  in  the  ortho  form  (67).  Oxidation  of  polyporic  acid 

rJ;  R~ ,H)  W,lth  Mrogen  peroxide  in  acetic  acid  gives  only  a 
trace  of  pulymic  lactone  (68;  R  =  H)  but  this  can  be  accomplished 
smoothly  with  lead  tetra-acetate97, 158  ^ 

The  structure  of  atromentic  acid  was  established  by  a  synthesis 

ben  1  /  Tmethy‘  eSterIM-  Condensation  of  /,-methoxy! 

benzv  cyanide  with  oxalic  ester  gave  the  dinitrile  (71)  which  wls 

potas°hySegave  ^  7reat™nt  this  in  methanolic 

etsl  s?  .a  raa 
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with  fully  methylated  atromentic  acid.  Japanese  workers111  have 
obtained  atromentic  acid  directly  from  the  dinitrile  (71)  by  refluxing 
with  hydriodic  acid  in  acetic  acid. 

Aurantiacin,  C32H20O8,  dark  red  needles,  m.p.  285-295°  is  a  recent 
addition  to  this  group  of  pigments.  It  occurs  in  the  fungus  Hydnum 
aurantiacum  Batsch  and  has  been  shown,  by  Gripenberg156,  to  be 
atromentin-3 : 6-dibenzoate. 


Leucomelone  (75),  C18H1207,  brown  leaflets,  m.p.  320°(decomp.) 


From  the  black  edible  mushroom  Polyporus  leucomelas  Pers.  ex  Fr. 
found  in  Japanese  pine  woods,  Akagi112  has  extracted  a  brown 
quinonoid  pigment  of  molecular  formula  C18H1207,  together  with  a 
colouiless,  crystalline,  solid,  C32H28014.  The  pigment  was  named 
leucomelone  which  is  a  little  unfortunate  in  English,  and  the 
second  product  was  termed  protoleucomelone.  A  kilogram  of 
mushiooms  yielded  3  g.  of  leucomelone  and  3-4  g.  protoleucomelone. 

The  foimation  of  a  penta-acetate,  /^wcohepta-acetate  and 
/>-terphenyl  (zinc-dust  degradation)  showed  that  the  pigment  was  a 
pentahydroxydiphenylbenzoquinone.  Oxidation  with  alkaline 
hydrogen  peroxide  yielded  a  mixture  of  p- hydroxybenzoic  and 
piotocatechuic  acids  and  as  the  colouring  matter  is  soluble  in 
aqueous  sodium  carbonate  it  follows  that  at  least  one  hydroxyl 
group  is  attached  to  the  quinone  ring.  All  the  above  facts  are 
accounted  for  by  structure  (75)  which  was  established  by  synthesis113 
Starting  from  2 : 5-dichlorobenzoquinone  the  unsymmetrical  aryl 
groups  were  introduced  one  at  a  time.  The  first  stage  was  carried 
out  by  the  m trosoacy  larylamine  procedure  which  gave  a  mixture  of 
monoid  di-arylated  benzoquinones,  and  the  second  a^ykCwas 
effected  by  suttab.e  adaptation  of  the  Gomberg  reaction  Jng 
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diazotized  4-aminoveratrole.  The  diarylquinone  (76)  was  then 
converted  into  leucomelone  by  demethylation  and  dissolution  of  the 
product  in  aqueous  sodium  hydroxide  to  replace  the  chlorine  atoms 
by  hydroxyl  groups. 

Protoleucomelone  appears  to  be  the  hepta-acetate  of  leucomelone 
quinol112. 

Muscarvfin  (77),  C25H1609-H20,  orange-red  needles,  m.p.  275*5° 


"co2h  n  ch=ch-ch=chco2h 
0 

(77) 

The  red  caps  of  the  fly  agaric  [Amanita  muscaria  (Linn.)  Fries],  a 
common  poisonous  toadstool,  owe  their  colour  to  the  presence  of 
muscarufin.  1 1  was  isolated  by  Kogl  and  Erxleben114  by  extraction  with 
alcohol  and  precipitated  as  the  silver  salt  which  was  then  decomposed 
with  methanolic  hydrochloric  acid.  500  Kg.  of  the  fungus  yielded 
only  850  mg.  of  pure  pigment  and  it  was  necessary  to  carry  out  the 
extraction  in  the  dark  at  0°  to  avoid  enzymatic  decompostion  of  the 
colouring  matter.  The  pure  material  forms  a  i  eddish-yellow 
solution  in  water  which  turns  to  bluish-red  on  addition  of  alkali ; 
as  the  crude  alcoholic  extract  of  the  fungus  did  not  give  this  coloui 
Kogl  and  Erxleben  suggested  that  the  pigment  occurred  naturally 
as  a  glycoside  which  is  hydrolysed  during  the  puiification. 

No  chemical  investigation  was  attempted  by  the  early  investi¬ 
gators115  and  the  structure  of  muscarufin  is  known  solely  from  the 
researches  of  Kogl  and  Erxleben.  It  forms  an  orange-yellow 
monoacetate  and  a  colourless  kwcotriacetate,  and  is  therefore  a 
monohydroxyquinone.  Electrometric  titration  revealed  the  presence 
of  three  carboxyl  groups,  in  agreement  with  the  formation  of  a 
tetramethyl  derivative  by  treatment  with  diazomethane.  A 
zinc  dust  distillation  yielded  /i-terphenyl  showing  that  muscarufin 
was  related  to  polyporic  acid  and  atromentin  previously  identified 
in  the  same  laboratory.  All  the  atoms  in  the  molecule  are  now 
accounted  for  except  a  fragment  C4H4  which  must  exist  as  an 
unsaturated  side  chain  and  cannot  be  part  of  a  fourth  six-membered 
ring  This  was  verified  by  catalytic  hydrogenation  when  tvvo 
moles  of  hydrogen  were  absorbed  in  addition  to  that  required  to 
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reduce  the  quinone  to  quinol.  Furthermore,  /eMComuscarufin  tri¬ 
acetate  formed  an  adduct  (78)  with  maleic  anhydride.  Finally,  oxida¬ 
tion  of  muscarufm  with  alkaline  hydrogen  peroxide  gave  phthalic  acid 


(c.  1-4  moles  per  mole  of  quinone)  and  a  similar  oxidation  of 
hexahydromuscarufin  provided  adipic  acid,  in  addition  to  phthalic 
acid.  These  degradations  enable  all  the  substituents  to  be  orien¬ 
tated.  One  carboxyl  group  is  attached  to  the  terminal  carbon  atom 
of  a  butadienyl  side  chain  and  the  other  two  must  be  in  the  benzene 
rings  in  the  2':  2"  positions  as  shown  in  (77).  It  follows  that  the 
unsaturated  side  chain  and  the  hydroxyl  group  are  both  attached  to 
the  quinone  ring. 

Both  phenyl  groups  in  (77)  should  be  subject  to  restricted  rota¬ 
tion  but  neither  muscarufm  nor  its  kwcotriacetate  show  optical 
activity,  at  least  not  in  the  solvents  selected  (alcohol  and  chloroform 
respectively).  The  resolution  of  muscarufm  has  not  been  attempted. 


Pedicinin  (79),  C16H1206,  red  needles,  m.p.  203-5° 

Methylpedicimn  (80),  C17H14Oe,  orange-yellow  needles,  m.p.  1 10-112° 
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The  leaves  of  the  Himalayan  plant  Diiymocarpus  pedicellate  R  Br 
(Cesneraceae),  reputed  to  have  medicinal  properties  contain  at  1^ 
ve  closely  related  substances  which  belong  to  the  chalcone  and 

chalcone'  S  malterS'  !t  50  haPP«s  that  in ‘the 

dicone,  pedicin  a  major  component  of  this  mixture— 
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original  investigation  of  Siddiqui116  and  by  a  modification  of  his 
procedure  methylpedicinin  was  isolated  later  by  Rao  and  Ses- 
hadri117.  (See  also  Warsi  and  Siddiqui122).  The  chemistry  of  the 
whole  group  has  been  reviewed  by  Seshadri124. 

The  quinol  pedicin  (83),  orange-red  plates,  m.p.  145°,  may  be 
regarded  as  the  central  member  of  this  group  of  compounds,  the 
others  being  derived  from  it  by  simple  steps  which  can  be  effected  in 
the  laboratory  and  no  doubt  occur  in  the  plant.  The  relationship 
of  these  natural  products  is  shown  below. 


Methylation  of  pedicin  gives  the  chalcone  pedicellin  (84),  the 
structure  of  which  has  been  established  by  synthesis118,  whilst  on 
cyclization  pedicin  passes  into  the  flavanone  uopedicin  (82) .  Sharma 
and  Siddiqui119  regarded  pedicin  as  an  o-dihydroxychalcone  on  the 
basis  of  its  behaviour  towards  ferric  chloride  and  lead  acetate  but 
Rao  and  Seshadri117  pointed  out  that  these  reactions  were  indicative 
of  a  quinol  rather  than  a  catechol  structure.  They  confirmed  this 
view  by  a  persulphate  oxidation  of  2-hydroxy-3:4:6-trimethoxy- 
chalcone  which  yielded  the  quinol  chalcone  (83)  identical  with 
natural  pedicin. 

Pedicinin  was  initially  regarded  as  a  benzalcoumaranone  but 
Bose  and  Dutt120  pointed  out  that  this  formulation  was  inadequate 
and  did  not  explain  for  example,  the  solubility  of  the  pigment  in 
aqueous  potassium  bicarbonate.  They  proposed  instead  the  quinone 
structure  (79)  in  view  of  its  colour,  and  the  formation  of  a  disodium 
salt  and  a  kwcotetra-acetate.  Furthermore,  on  catalytic  hydro¬ 
genation  pedicinin  absorbed  two  moles  of  hydrogen  forming  a 
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yellow  compound  which  reoxidized  in  air  to  a  new  red  quinone, 
dihydropedicinin.  This  structure  has  been  amply  confirmed  by  the 
work  of  Rao  and  Seshadri117.  The  trimethoxyquinone  (81)  was 
readily  obtained  from  pedicin  with  the  aid  of  silver  oxide  and  could 
then  be  selectively  hydrolysed  to  methylpedicinin  and  pedicinin.  The 
ease  of  hydrolysis,  especially  of  the  2-methoxyl  group  which  is  con¬ 
jugated  with  two  carbonyl  groups,  probably  explains  why  this  com¬ 
pound  has  not  been  found  in  D.  pedicellata.  Thus  it  is  easily  con¬ 
verted  into  methylpedicinin  (80)  with  cold  aqueous  sodium  bicar¬ 
bonate  and  rapidly  forms  pedicinin  (79)  in  the  presence  of  cold 
aqueous  sodium  hydroxide  or  even  hydrochloric  acid.  Acid 
hydrolysis  also  occurs  when  pedicellin  undergoes  oxidative  demethy- 
lation120  with  nitric  acid  to  form  methylpedicinin  and  pedicinin, 
and  again  when  pedicinin  is  formed  by  treating  pedicin  with 
bromine119  in  cold  chloroform  solution  (some  dibromopedicin  is  also 
formed121).  By  treatment  with  diazomethane,  pedicinin  can  be 
selectively  methylated  to  form  methylpedicinin  as  the  hydroxyl 
group  at  C-2,  chelated  to  the  carbonyl  group  at  C-3,  does  not 
react117. 

The  position  of  the  methoxyl  group  in  pedicinin  follows  from  its 
method  of  formation  from  the  trimethoxyquinone  (81);  hydrolysis 
of  the  very  labile  2-methoxyl  group  gives  methylpedicin  (80)  and 
the  5-  rather  than  the  6-methoxyl  group  would  be  expected  to 
hydrolyse  thereafter  as  the  influence  of  the  carbonyl  group  at  C-4 
on  the  methoxyl  group  at  C-6  is  diminished  by  electron  release  from 
the  hydroxyl  group  at  C-2,  especially  under  alkaline  conditions. 

1  his  reasoning  was  shown  to  be  correct  by  Rao,  Rao  and  Seshadri123 
who  ethylated  kwcopedicinin  obtaining  a  product  found  to  be  iden¬ 
tical  with  2:3:5: 6-tetra-ethoxy-4-methoxychalcone  prepared  by  an 
unambiguous  synthesis.  The  methoxyl  group  in  pedicinin  is 
therefore  at  C-6  as  in  (79). 

W^7>r0hO1C  aCld)  Cl5H20°3’  oran§e  leaflets  m.p.  105° 

0  Me 

HO/Vh  CH2CH2CH=C  Me2 

MT 

o 

(85) 

Perezone  was  first  isolated  a  century  ago  by  Rio  de  la  Loza  from  the 
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Mexican  drug  ‘Radix  Perezia’,  the  ground  root  of  Perezia  adnata* 
A.  Gray  ( Compositae )  which  was  used  as  a  mild  purgative123.  The 
quinone  forms  3-6  per  cent  of  the  dry  weight.  Quite  recently  it  has 
been  found  in  a  Peruvian  Compositae,  Trixis  cacalioides  D.  Don126. 
It  can  be  isolated  by  extraction  with  hot  alcohol  from  which,  on 
addition  of  water,  it  separates  in  gold  leaflets,  ‘Aurum  vegetabile.’ 

This  orange  pigment,  which  forms  a  violet  solution  in  alkali,  was 
recognized  by  several  early  investigators127  as  a  hydroxyquinone 
containing  one  or  more  alkyl  side  chains.  Although  regarded  at 
first  as  an  anthraquinone  derivative128,  this  proposal  was  rejected 
after  the  molecular  formula  C15H20O3  had  been  established,  as  the 
hydrogen  content  was  too  great  and  moreover  no  anthracene 
derivative  was  obtained  on  zinc-dust  distillation.  Reaction  with 
aniline  and  other  amines  gave  a  series  of  monoaminoperezones  from 
which  Anschutz127  concluded  that  perezone  was  a  hydroxybenzo- 
quinone  having  only  one  quinonoid  position  vacant  and  he  drew 
attention  to  the  similarity  of  perezone  and  hydroxythymoquinone. 
This  implies  that  two  alkyl  groups  are  present  and,  since  their  atoms 
total  C9H18,  one  of  them  must  be  unsaturated  (or  cyclic)  which 
agrees  with  the  formation  of  a  dibromide.  Acid  hydrolysis  of  the 
aminoperezones  gave  a  red  hydroxyperezone  which  foimed  a 
/cwcotetra-acetate. 

Subsequent  research  was  directed  to  the  elucidation  of  the  struc¬ 
ture  and  position  of  the  side  chains.  Recognizing  that  hydroxy¬ 
perezone  showed  a  strong  resemblance  to  2 : 5-dialkyl-3 : 6-dihydroxy- 
benzoquinones,  Fichter  and  his  co-workers129  ozonized  this  com¬ 
pound  and  obtained  oxalic  acid  and  a/J-diketobutyric  acid  which 
they  interpreted,  curiously,  as  evidence  for  the  existence  of  a 
propenyl  side  chain.  Hence  they  concluded  that  perezone  was  a 

propenyl-hexyl-hydroxybenzoquinone  (propenyl + hexyl— C9H18). 

Remfry130  immediately  pointed  out  that  the  formation  ot  ap- 
diketobutyric  acid  could  be  understood  better  if  a  methyl  side 
chain  were  present  (e.g.  86),  in  which  case  the  natural  pigment 
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would  be  a  methyl-octenyl-hydroxybenzoquinone. 


This 


*  This  plant  is  frequently  referred  to  in  the  chemical  literature  as 
pipitzahuac. 


was 

Trixis 
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confirmed  by  Kogl  and  Boer131.  When  hydrogenated  over  Adams 
catalyst,  perezone  absorbed  two  moles  of  hydrogen  and  aeration  of 
the  product  gave  dihydroperezone,  orange  crystals,  m.p.  95°.  From 
this  quinone  an  anilino  derivative  was  prepared  which  was  hydro¬ 
lysed  to  give  hydroxydihydroperezone.  By  oxidation  of  perezone 
with  alkaline  hydrogen  peroxide,  acetic  acid  and  a  nonenoic  acid 
were  obtained  and  the  latter  took  up  one  mole  of  hydrogen  to  form  a 
nonoic  acid  identical  with  that  obtained  by  a  similar  oxidative 
degradation  of  hydroxydihydroperezone.  Ozonolysis  of  leuco- 
perezone  triacetate  yielded  acetone  which  settled  the  terminal  struc¬ 
ture  of  the  octenyl  side  chain,  and  the  normal  head-to-tail  linkage 
of  isoprene  units  indicated  that  the  a-carbon  atom  would  carry  a 
methyl  group ;  this  incidentally  would  account  for  the  optical  activity 
of  the  molecule.  The  identity  of  a  racemized  specimen  of  the  nonoic 
acid,  obtained  by  oxidation,  with  synthetic  2 : 6-dimethylheptoic 
acid  completed  the  evidence  required  to  establish  the  structure — 
CH(Me)CH2CH2CH=CMe2  for  the  octenyl  group.  The  two  side 
chains  occupy  the  2 : 5-positions  since  oxidation  of  the  zinc-dust  distil¬ 
lation  product  (a  volatile  aromatic  liquid)  gave  terephthalic  acid, 
and  the  location  of  the  hydroxyl  group  was  deduced  from  the  fact 
that  hydroxyperezone  undergoes  self-condensation  in  concentrated 
sulphuiic  acid  with  the  elimination  of  water,  whereas  perezone  itself, 
does  not.  This  implies  that  the  hydroxyl  group  in  perezone  is  not 
on  the  same  side  of  the  quinone  ring  as  the  octenyl  group  and  Kogl 
and  Boer  therefore  concluded  that  perezone  has  the  structure  (85). 

The  carbon  skeleton  of  perezone  has  been  confirmed  by  Yama- 
guti132  who  effected  a  synthesis  of  DL-dihydroperezone.  Alkylation 
of  the  p-ketoester  (87)  with  uoamyl  iodide  gave,  after  hydrolysis,  the 
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ketone  (88)  and  treatment  of  this  with  methyl  magnesium  iodide, 
followed  by  dehydration  and  catalytic  reduction,  led  to  the  octyl- 
dimethoxy toluene  (89).  After  demethylation,  a  Gatterman  reac¬ 
tion  yielded  the  aldehyde  (90)  which  was  converted  into 
dihydroperezone  (91)  by  a  Dakin  oxidation. 

Perezone  is  optically  active  in  ether  solution  but  not  in  alcohol. 
Kogl  and  Boer  stated  that  both  the  specific  rotation  and  the  melting 
point  are  lowered  by  sublimation  which  they  ascribed  to  facile 
racemization.  However,  these  changes  may  also  be  a  result  of 
partial  molecular  rearrangement.  This  would  not  be  surprising  in  a 
quinone  of  the  sesquiterpene  series  and  in  fact  two  examples  have 
been  noted.  By  heating  under  various  conditions,  perezone  can  be 
rearranged  to  a  colourless  isomeric  product,  pipitzol,  m.p.  141°, 
which,  according  to  Remfry130,  behaves  as  a  monohydric  phenol  and 
shows  no  carbonyl  properties*.  No  structural  investigations  have 
been  recorded.  When  hydroxy  perezone  is  warmed  for  a  few  minutes 
in  concentrated  sulphuric  acid  the  initial  red  colour  changes  to 
yellow  and  on  dilution  perezinone,  a  light  yellow  compound,  m.p. 
144°,  separates.  This  substance  behaves  as  a  monohydroxyquinone 
and  analysis  shows  that  a  molecule  of  water  is  eliminated  during  its 
formation  from  hydroxyperezone.  As  neither  perezone  nor  hydroxy- 
dihydroperezone  undergo  a  similar  change  it  appears  that  the  side 
chain  double  bond  and  a  neighbouring  hydroxyl  group  are  involved 
in  this  reaction  and  Kogl  and  Boer  have  therefore  proposed  the 
cadalene  structure  (92)  for  perezinone. 


0 


0  CMe2 
(92) 


Auroglaucin  (93),  C19H2203>  orange-red  needles,  m.p.  1j3  ^ 

Flavoglaucin  (94),  C10H28O3,  lemon-yellow  needles,  m.p.  105 

0H 

OCH/\cH2CH=CMe2  OCH,|/\|CH2CH=CMe2 

Me(CH=CH)3lJ  C7H15\/ 

OH  0H 

(93)  (94) 

*  The  infra-red  spectrum  shows  carbonyl  and  enolic  hydroxyl  bands  but  no 
benzenoid  absorption157. 
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In  a  comprehensive  study  of  twenty  five  species  of  the  Aspergillus 
glaucus  series  Gould  and  Raistrick133  found  that  all  of  them  produced 
the  yellow  pigment  flavoglaucin  and  fifteen  species  produced  the 
orange  pigment  auroglaucin.  In  addition,  a  few  species  yielded  the 
anthraquinonoid  colouring  matters,  physcion  and  erythroglaucin. 
The  moulds  were  grown  on  Czapek-Dox  media  containing  glucose, 
some  250  g.  of  auroglaucin  and  flavoglaucin  being  obtained  from 
‘ A .  novus  Wehmer’.  More  recently,  auroglaucin  has  been  isolated 
from  the  mycelium  of  ‘A.  mangini  (Mangin)  Raper  and  Thom’134,  and 
both  pigments  have  been  obtained  from  ‘A.  amslelodami  (Mangin) 
Thom  and  Church’143. 

The  initial  chemical  investigations  of  Raistrick,  Robinson  and 
Todd135  revealed  the  general  framework  of  these  mould  metabolties 
and  the  detailed  structure  has  become  known  through  the  extensive 
researches  of  Quilico  and  his  co-workers  in  Milan.  It  was  shown  at 
the  outset  that  both  substances  could  be  hydrogenated  over  a 
platinum  catalyst  to  give  the  same  product  C19H3202;  in  this  pro¬ 
cess  flavoglaucin  absorbs  three  moles  of  hydrogen  and  auroglaucin 
takes  up  six.  The  two  pigments  are  therefore  closely  related,  auro¬ 
glaucin  containing  three  double  bonds  not  present  in  flavoglaucin. 
Discussion  can  therefore  be  mainly  confined  to  the  latter. 

Flavoglaucin  contains  two  hydroxyl  groups  (Zerewitinoff ),  only 
one  being  reactive,  and  forms  a  2 : 4-dinitrophenylhydrazone.  By 
controlled  hydrogenation  over  palladized  strontium  carbonate  a 
dihydro  derivative,  C19H30O3,  can  be  isolated.  This  retains  the 
carbonyl  group  but  on  further  hydrogenation  it  forms  an  alcohol, 
tetrahydroflavoglaucin,  which  can  be  further  reduced  with  zinc  and 
acetic  acid  to  tetrahydrodeoxyflavoglaucin,  C19H3202.  A  benzo- 
quinol  structure  was  deduced  from  the  transient  green  ferric  colora¬ 
tion  given  by  the  two  latter  compounds  and  the  ultra-violet  absorp¬ 
tion  of  tetrahydroflavoglaucin  dimethyl  ether.  Oxidation  of  flavo- 
g  aucin  with  potassium  permanganate  in  pyridine  yielded  rc-octoic 
ci  a  so  obtained  by  a  Dakin  oxidation  of  dihydroflavoglaucin 
monomet  ly  ether  and  by  other  oxidative  degradations.  These 
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a?  CH  Summarized  by  the  formulation  (95)  in  which  the 
residue  C5H8  represents  one  or  two  alkyl  groups,  one  of  which 
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contains  a  double  bond.  In  view  of  the  ready  formation  of  carbonyl 
derivatives,  no  substituent  was  placed  at  C-3;  this  was  supported  by 
comparison  with  model  compounds.  The  o-hydroxycarbonyl 
arrangement  was  confirmed  by  the  formation  of  an  oxime  from  the 
monomethyl  ether  which  formed  a  chelated  copper  complex,  and 
hydrogen  bonding  and  steric  hindrance  would  account  for  the  low 
reactivity  of  one  of  the  hydroxyl  groups. 

The  problem  was  taken  up  later  by  Quilico  el  a/.136.  Vigorous 
hydrogenation  of  flavoglaucin  gave  a  glycol,  decahydroflavoglaucin, 
Ci9H3802,  which  yielded  a  diolefin,  C19H34,  by  distillation  with 
phosphorus  pentoxide;  this  was  reduced  to  a  saturated  hydrocarbon 
and  then  dehydrogenated  with  selenium  to  give  an  alkylated  benzene, 
Ci9H32,  from  which  methylterephthalic  acid  and  trimellitic  acid 
were  obtained  by  oxidation  with  nitric  acid,  and  alkaline  perman¬ 
ganate,  respectively.  These  products  confirm  the  benzenoid  struc¬ 
ture  of  flavoglaucin  and  show  that  three  side  chains  are  present,  one 
of  which  appeared  to  be  a  methyl  group.  Further  evidence  for  the 
quinol  structure  was  obtained  by  oxidation  of  tetrahydrodeoxyflavo- 
glaucin  with  ferric  chloride  to  give  a  yellow,  oily,  quinone,  not 
obtained  in  a  pure  state.  Thus  flavoglaucin  can  now  be  represented 
as  (96).  As  oxidative  degradation  of  flavoglaucin  yielded  n-octoic 
acid,  Raistrick  et  al.  had  considered  R1  to  be  an  octoyl  group  but, 
as  the  Italian  workers  showed,  an  alkaline  hydrogen  peroxide 
oxidation  of  tetrahydrodeoxyflavoglaucin  (in  which  the  carbonyl 
group  has  been  reduced  to  — C'H2 — )  also  gave  octoic  acid  and  hence 
this  fragment  must  have  come  from  an  w-heptyl  side  chain.  To 
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check  this,  n-octylquinol  was  oxidized  with  alkaline  hydrogen 
peroxide  and  gave  w-nonoic  acid,  showing  that  the  quinol  is  first 
oxidized  to  the  quinone  which  is  then  disrupted.  As  the  oxidation 
of  tetrahydrodeoxyflavoglaucin  also  provided  methyl  w-octyl  ketone 
it  implied  that  the  methyl  group  was  located  ortho  to  the  heptyl  side 
chain  and  hence  R2  =  C7H15  (96).  It  follows  that  R1  is  a  C,  radi¬ 
cal  which  must  contain  a  carbonyl  group  and  a  double  bond,  and 
this  was  formulated  as  an  wopentenoyl  group  following  the  isolation 
of  acetone  and  a-hydroxyuobutyric  acid  from  a  permanganate 
oxidation  of  flavoglaucin.  Formula  (96)  was  therefore  expanded  to 
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(97)  and  it  was  noted  that  fropentenoylquinol  showed  a  marked 
resemblance  to  flavoglaucin137. 

Tetrahydrodeoxyflavoglaucin  should  therefore  be  the  trialkyl  quinol 
(101)  which  was  established  synthetically138.  o-Cresol  was  converted 
into  2-woamyl-6-methylphenol  (98)  by  a  Fries  rearrangement  of  its 
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ffovaleric  ester  and  Clemmensen  reduction  of  the  product.  Sulpho- 
nation  in  the  /^-position,  followed  by  chromic  acid  oxidation,  then 
led  to  the  quinone  (99)  and  so  to  the  ketone  (100)  by  reduction  and 
acylation  of  the  quinol  with  heptoylchloride.  A  final  Clemmensen 
reduction  afforded  (101)  identical  with  tetrahydrodeoxyflavo¬ 
glaucin.  The  same  product  was  also  obtained  by  alkylation  of  the 
quinone  (99)  with  octoyl  peroxide,  forming  2-woamyl-5-heptyl-6- 
methylbenzoquinone  which  was  then  reduced. 

This  synthesis  satisfactorily  concluded  the  work  on  tetrahydro¬ 
deoxyflavoglaucin  but  the  structure  (97)  postulated  for  the  natural 

.aS  n0t  entirdy  convincillg-  Thus  flavoglaucin  failed  to 
yield  p p-dimethy  lacry  lie  acid  when  oxidized  with  alkaline  hydrogen 
peroxide,  and  methyl  n-octyl  ketone  could  not  be  detected.  As  the 
atter  is  obtained  from  (101)  it  should  also  be  formed  by  flavoglaucin 
i  structure  (97)  is  correct.  To  account  for  these  difficulties  Quilico 

,  put.  forward  the  aldeMe  structure  (94)138.  On  reduction  this 
would  give  successively  (102)  (dihydroflavoglaucin) ,  (103)  (tetra- 
hydroflavoglaucin)  and  (101)  (tetrahydrodeoxyflavoglaucin)  Oxi¬ 
dation  with  alkaline  hydrogen  peroxide  would  extrude  the  formyl 
group  giving  a  hydroxyqumol  which  would  immediately  be  con 
eited  into  a  hydroxyquinone  and  then  undergo  ring  fission  giving  a 
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variety  of  products.  The  quinone  (104)  was  in  fact  isolated  by  care¬ 
ful  oxidation  of  flavoglaucin  in  ice-cold  ethanol.  It  gave  a  violet 
solution  in  alkali  and  on  further  oxidation  with  permanganate  it 
yielded  acetone  and  octoic  acid. 

Confirmation  of  the  aldehyde  structure  was  obtained  in  two 
ways140.  Heating  dihydroflavoglaucin  with  anhydrous  aluminium 
bromide  in  benzene  eliminated  carbon  monoxide  (c/i  icf.  141)  with 
the  formation  of  2-isoamyl-5-heptylquinol  (105),  identified  by  direct 
comparison  with  a  synthetic  sample.  This  reaction  was  then 
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reversed,  by  subjecting  the  monomethyl  ether  (106)  to  a  Gattermann 
aldehyde  synthesis  which  gave  (107),  isolated  as  its  2:4-dimtro- 
phenylhydrazone.  This  compound  was  identical  with  the  corre¬ 
sponding  derivative  obtained  from  the  natural  pigment.  Additional 
support  for  the  aldehyde  structure  was  obtained  by  comparing  the 
spectroscopic  and  chemical  properties  of  flavoglaucin  and  a  : number 
of  related  quinol-aldehydes  and  ketones142.  Thus  flavoglaucin  is  (94) 
and  hence  auroglaucin  has  the  structure  (93). 

The  o-hydroxy-wopentenyl  system  which  occurs  in  these  pigments 
is  also  present  in  the  napthaquinone  lapachol  (p.  59)  and  a  feature 
of  all  three  is  their  ability  to  cyclize  under  acid  conditions  foiming 
chromane  derivatives.  The  product  obtained  from  flavoglaucin 
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probably  (108).  The  anomalous  behaviour  of  the  hydroxyl  groups 


OH 
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in  the  Aspergillus  pigments  may  be  connected  with  this  ready  cycli- 
zation,  and  the  failure  to  prepare  acetyl  derivatives  may  be  compared 
with  the  behaviour  of  lapachol  towards  acetic  anhydride. 


Di-benzoquinones 

The  two  mould  products,  phoenicin  and  oosporein,  are  diquinones 
related  in  the  same  manner  as  fumigatin  and  spinulosin.  As  these 
diquinones  are  symmetrical  it  is  possible  that  they  are  biosynthesized 
by  the  linking  together  of  mononuclear  quinones.  This  can  be 
effected  in  the  laboratory  under  acid  conditions,  e.g.  the  quinone 
(109)  is  converted  into  the  diquinone  (113)  by  treating  its  chloro¬ 
form  solution  with  hydrogen  chloride.  Robertson  et  a/.144  suggested 
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nucleus  (as  in  fumigatin)  would  discourage  the  formation  of  catio- 
noid  species  of  type  (110),  and  the  formation  of  the  natural  diqui- 
nones  by  this  method  does  not  seem  very  likely.  This  of  course  does 
not  exclude  the  formation  of  such  a  diquinone  from  a  simpler 
quinone  precursor  with  subsequent  introduction  of  hydroxyl  groups. 

A  more  attractive  thesis  envisages  the  dimerization  of  phenoxy 
radicals,  e.g.  (115)  obtained  by  oxidation  of  orcinol;  subsequent 
oxidation  of  the  diphenyl  derivative  (116)  could  lead  to  phoenicin 


(117)  016) 

(117).  This  mode  of  biogenesis  is  in  harmony  with  the  acetate 
theory  and  it  has  been  shown  that  the  enzyme-catalysed  oxidation  of 
phenols  can  proceed  by  this  radical  mechanism145. 


Phoenicin  (117),  C14H10O6,  yellow-brown  tablets,  m.p.  231° 


(117) 

Phoenicin  is  a  metabolic  product  of  Penicillium  phoeniceum  van 
Bevma146  and  P.  rubrum  O.  Stoll147.  When  grown  on  beerwort  or 
synthetic  media  containing  glucose118,  the  pigment  diffuses  into  the 
solution  producing  colours  which  vary  with  the  pH.  Acco,d,"S 
Posternak147,  P.  rubrum  produces  leucophoemcm  if  giown  on  a  mo 
fied  Czapek-Dox  medium  containing  asparagine  or  ammonium 
tartrate  in  place  of  sodium  nitrate. 
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The  structure  of  phoenicin,  the  first  naturally  occurring  diquinone 
to  be  discovered,  was  determined  by  Posternak150.  It  has  the  mole¬ 
cular  formula  C12H406(CH3)2,  gives  an  intense  violet  coloration 
with  ferric  chloride  and  forms  a  diacetate.  As  the  latter  gives  no 
ferric  colour  and  is  not  soluble  in  alkali  the  hydroxyl  groups  must  be 
responsible  for  the  acidity  of  the  pigment.  Two  series  of  salts  are 
formed,  exemplified  by  the  violet-red  monopotassium  salt  and  the 
violet  diammonium  salt.  The  metabolite  behaves  as  a  quinone 
liberating  iodine  from  an  acidified  potassium  iodide  solution  and  it 
was  shown  by  titration  that  one  mole  of  phoenicin  liberated  four 
equivalents  of  iodine.  This  implies  that  two  quinone  systems  are 
present,  which  agrees  with  the  uptake  of  two  moles  of  hydrogen  on 
catalytic  hydrogenation  and  the  formation  of  a  /^wcohexa-acetate  by 
reductive  acetylation.  With  quinol  it  forms  a  magnificent  red 
quinhydrone,  C14H10O6 . 2C6H602.  All  six  oxygen  atoms  of  phoeni¬ 
cin  are  therefore  accounted  for  as  two  hydroxyl  groups  and  four 


caibonyl  groups,  and  its  behaviour  is  in  accordance  with  a  dihy- 
droxydimethyldibenzoquinone  structure.  This  was  verified  syntheti¬ 
cally.  Thiele  acetylation  of  the  ditoluquinone  (118)  gave  a  mix¬ 
ture  of  two  hexa-acetates  and  the  major  component  proved  to  be 
identical  with  /^phoenicin  hexa-acetate.  Hydrolysis  and  oxi¬ 
dation  of  this  yielded  phoenicin  and  the  carbon  skeleton  was  thereby 
established.  The  position  of  the  hydroxyl  groups  was  inferred 
from  the  easy  formation  of  a  bis-adduct  by  Diels-Alder  addition  of 
cyc/opentadiene.  As  this  product  still  contained  acidic  hydroxyl 
groups  it  favoured  structure  (117)  for  phoenicin  on  steric  grounds 

by  (120)  e'ate  iS  (U9)  and  'he  adduct  is  "Presented 

T°  establish  the  position  of  the  hydroxyl  groups  more  rigorously 

co-worakm!f.U°TheynhCSiS  “™d  °Ut  bV  Posternak  and  hi) 
co  workers  .  The  mtro  compound  (121),  obtained  from  orcinol 

•  s  converted  via  the  amine  into  the  iodo  derivative  (122)  An 

sudf tu,ed  diphenyi  < 1 23>'f™m 

Finally,  oxidation  with  ihromfc 
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(125),  easily  hydrolysed  to  phoenicin  in  hot  aqueous  sodium 
carbonate.  An  alternative  synthesis  from  5-iodo-2-methylbenzo- 
quinone  was  also  effected  by  the  same  group:  Thiele  acetylation 


025) 


(126) 


gave  the  triacetate  (126)  from  which  /cwcophoenicin  hexa-acetate 
(119)  was  obtained  by  another  Ullmann  reaction.  Thiele  acety¬ 
lation  of  phoenicin  itself  gives  the  anhydrohexa-acetate  (127) 

~  ^  n  nu 
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(128) 


(129) 


converted  by  hydrolysis  and  oxidation  into  the  diquinone  (128) 

which  is  closely  related  to  oosporein. 

Friedheim149  has  demonstrated  that  phoenicin  is  a  respiratory 
niement  and  several  oxidation-reduction  levels  are  possible 
although  intermediate  reduction  products  (e.g.  129)  have  not  been 
isolated.  Another  unusual  feature  arising  from  the  bis-hydioxy- 
quinone  structure  is  the  occurrence  of  two  indicator  colour  changes , 
yellow  to  red  at  pH  1 -8-3*4,  and  red  to  violet  at  pH  5*4-6*4. 

Oosporein  (130),  C14H10O8,  bronze  plates,  m.p.  260-275° 

0  0 

SO 
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This  diquinone  is  formed  by  Oospora  colorans  van  Beyma  and  appears 
both  in  the  mycelium  and  in  the  metabolism  solution  when  grown 
on  an  aqueous  beer-malt  agar  medium.  It  was  first  isolated  by 
Kogl  and  van  Wessem152  and  has  since  been  obtained  by 
Robertson  and  co-workers153  from  a  strain  of  Chaetomium  aureum 
Chivers  grown  on  a  modified  William  Saunders  medium.  Like 
phoenicin,  solutions  of  oosporein  pass  through  a  series  of  colour 
changes  from  yellow  to  blue  as  the  pH  is  raised  to  8. 

Oosporein  forms  a  tetra-acetate,  a  /ewcoocta-acetate  and  on 
catalytic  hydrogenation  it  absorbs  two  moles  of  hydrogen  forming 
a  colourless  leuco  compound  which  quickly  becomes  red  when 
exposed  to  air.  The  colouring  matter  is  therefore  a  diquinone  and 
as  a  zinc-dust  distillation  gives  /> : //-ditolyl  it  is  evidently  closely 
related  to  phoenicin  and  must  be  a  dihydroxy  derivative  thereof. 
This  was  proved  by  Kogl  and  van  Wessem  who  converted  phoenicin 
into  oosporein  by  treating  the  former  with  an  excess  of  methylamine 
to  give  the  tetrakismethylaminodiquinone  (131)  which  on  acid 
hydrolysis  yielded  the  tetrahydroxydiquinone  (130)  identical  with 
the  natural  product. 


032) 


RO  OR 
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previously  obtained  by  Posternak150  by  Thiele  acetylation  of 
phoenicin. 


*  The  compounds  (133;  R  =  H  and  Ac)  were  not  obtained  pure  by  Robertson 
et  al.,  hence  the  discrepancies  in  m.p.  between  their  specimens  and  those  of 
Posternak. 
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The  majority  of  the  naphthalene  derivatives  found  in  Nature  are 
quinones  and  most  of  these,  including  the  two  /Tnaplithaquinones, 
dunnione  and  diosquinone,  are  plant  products.  A  group  of  closely 
related  polyhydroxy  derivatives  is  found  in  certain  species  of  sea 
urchin  and  a  few  others  are  elaborated  by  micro-organisms.  Two 
pigments,  juglone  and  fusarubin,  are  known  to  occur  in  vivo  in  a 
reduced  form  containing  a  solubilizing  group;  this  phenomenon 
probably  occurs  more  frequently  and  quinones  like  juglone,  which 
are  distributed  throughout  the  plant,  may  be  transported  in  a 
soluble  form.  No  naphthaquinone  glycosides  have  been  isolated. 

6-Methyl- 1 : A-naphthaquinone  (1),  CnH80„  golden-yellow  needles, 
m.p.  90-91°. 


0 


0 

(1) 


A  iepoit  ,  that  certain  fungi  of  the  Marasmius  genus  produce 
substances  wh.ch  inhibit  the  growth  of  Staphyloccus  amem,  led 
Bendz  to  undertake  a  chemical  examination  and  from  the  culture 
rate  of  M.  graminum  Lib.  (grown  on  a  modified  Czapek-Dox 
medium  containing  aneurin  and  malt  extract)  he  isolated  a  red 
antibiotic  pigment  by  steam  distillation.  This  apparently  homo¬ 
geneous  material  was  later  obtained  as  golden-yellow  needles  bV 
c  iromatographic  purification  which  removed  a  small  proportion  of 
a  red  substance.  It  formed  a  Wadiacetate  and  a  2  Td  ni"ro 

phenylhydrazone,  and  showed  a  typical  1  •  4  nanhthl 
absorption  spectrum  A  tz,,u  o  i  •  '  naphthaquinone 

presence  of  one  PM  Kuhn7R”th  «h™ation  indicated  the 

rrimel,idc°?nhy^df  wrSaTe^  fon;wCn,ly  “  C'6’ 

neutral  permanganate.  This  established"^!,™  'the  3 Mara " 

“  ~  5S2-  wunh^irn;and  h 
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isolated  in  traces,  gave  a  red-violet  colour  in  aqueous  sodium 
"hydroxide  and  may  possibly  be  a  hydroxyquinone. 

Chimaphilin  (2),  C12H10O2,  yellow  needles,  m.p.  114° 


0 


0 

(2) 


Chimaphila  umbellata  Nutt.  ( Ericaceae )  is  a  small  plant  said  to  have 
been  used  by  the  North  American  Indians  for  the  treatment  of 
rheumatism.  It  contains  an  antibiotic  quinone,  first  isolated  by 
Fairbank300  in  1860  by  steam  distillation,  and  although  it  was 
examined  by  several  workers301  in  the  last  century  the  structure  of 
this  simple  quinone  was  not  established  until  1956  by  Di  Modica 
and  Tira.  Its  light  absorption  and  general  properties  indicated  a 
1 :  4-naphthaquinone  structure  and  it  formed  a  /ewrodiacetate302. 
The  number  and  position  of  the  alkyl  substituents  was  established303 
by  (a)  treatment  in  hot  alkaline  hydrogen  peroxide  which  yielded 
4-methylphthalic  acid  (vigorous  oxidation  with  nitric  acid  gave 
trimellitic  acid)  and  (b)  Clemmensen  reduction,  followed  by 
dehydrogenation  of  the  resulting  tetralin  over  palladium-charcoal, 
which  afforded  2 : 7-dimethylnaphthalene.  Reoxidation  of  the 
latter  with  chromic  acid304  yielded  2 :7-dimethyl-l :  4-naphtha¬ 
quinone  (2)  identical  with  chimaphilin. 

Chimaphilin  is  also  present  in  C.  maculata  Pursh  301  .  Other 
sources305  of  chimaphilin  are  Pyrola  chlorantha  Sw.,  P.  rotundifoha 
Linn.308  and  Moneses  grandijlora  S.  F.  Gray.  Arbutin  or  homo- 
arbutin307  (2-methylquinol-4-/5-i)-glucoside)  is  also  present  in  these 

Ericaceae. 

Lawsone  {henna,  naphthalenic  acid,  iso juglone)  (3),  C10H6O3,  yellow 
needles,  m.p.  192°  (dec.) 


0 

(3) 
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This  pigment  is  the  dyeing  principle  of  the  shrub  henna,  Lawsonia 
alba  Lam.  (Lythraceae) ,  known  in  this  country  as  Egyptian  privet. 
It  is  used  in  India  as  an  ornamental  (Mehedi6)  and  is  cultivated  in 
Egypt.  The  plant  has  many  pseudonyms  and  is  probably  identical 
with  camphire,  mentioned  in  the  Song  of  Solomon8.  The  quinone 
is  found  in  the  leaves  (c.  1  per  cent  of  the  dry  weight)  and  can  be 
extracted3-4  with  aqueous  sodium  bicarbonate.  Processes  for  the 
extraction  of  the  pigment  have  been  patented5,  which  indicates  its 
former  commercial  value.  Lawsone  dyes  protein  fibres  an  orange 
shade  from  an  acid  bath  and  has  been  used  for  colouring  leather 
and  skins.  Henna  is  known  in  this  country  only  as  a  hair  dye  but  its 
use  both  as  a  cosmetic  and  a  drug  is  of  very  ancient  lineage  in 
Eastern  countries7.  In  Egypt,  staining  the  finger  nails  and  parts  of 
the  hands  and  feet  with  henna  is  a  very  old  practice  and  the  nails  of 
Egyptian  mummies  are  usually  a  reddish  colour  owing  to  this 
custom.  Mohammed  is  said  to  have  dyed  his  beard  with  henna. 

The  structure  of  lawsone  is  established3’6,  by  the  formation  of  an 
acetate  and  a  leuco triacetate,  and  by  oxidation  to  phthalic  acid. 
It  is  most  conveniently  synthesized  by  hydrolysis  and  oxidation  of 
the  /^triacetate,  the  latter  being  obtained  by  Thiele  acetylation 
of  1 :4-naphthaquinone9.  For  small  amounts,  oxidation  of  1 :  3- 
dihydroxynaphthalene  with  Fremy’s  salt  is  very  satisfactory108. 

2-Methoxy-\-A-mphthaquinon,  (4),  CuH803)  yellow  needles,  m.p, 

loo. 5  r 


(4) 


Although  quinones  have  been  isolated  from  all  narts  nfnl^te 
are  seldom  found  in  flowers  but  this  oTe  lu"  in  ,1  P  fll  7 

lawsone  methyl  ether  and  ,*«  a  L*  ?  r  _,  °n*  II  ls  ldenlical  with 
such  closely  ^ 

distantly  related  plant  families  (Lylhraaac 

5  57 


NAPHTHAQUINONES 

2 : 3-Dimethoxy-\  -A-naphthaquinone  (5)  C1.,H10O4,  yellow  needles  m.p. 
115° 

Since  the  above  work  was  published  Sproston11  has  isolated  (5) 
from  the  same  source  as  (4). 


iOH 

Me 


Phthiocol  (6),  CnH803,  yellow  prisms,  m.p.  173-4° 

This  quinone  was  first  isolated  from  human  tubercle  bacilli 
(. Mycobacterium  tuberculosis)  by  Anderson  and  Newmann12;  it  was 
obtained  in  minute  amounts  from  the  acetone-soluble  fraction  of 
the  lipids  by  extraction  with  dilute  aqueous  sodium  bicarbonate. 
Phthiocol  also  occurs  13  in  a  Mycobacterium  isolated  from  the  warty 
newt  ( Triturus  cristatus )  and  has  been  found14  in  Corynebacterium 
diphtheriae.  Following  the  demonstration  by  Almquist  and  his 
co-workers263  that  various  bacteria  (including  the  strain  used  by 
Anderson  and  Newman)  grown  on  the  Long  synthetic  culture 
medium  are  able  to  produce  k  vitamins,  Fieser  et  al.  suggested 
that  the  phthiocol  obtained  by  Anderson  and  Newman  might  have 
arisen  from  vitamin  k  during  the  alkaline  saponification  stage  of 
their  isolation  procedure.  Shortly  afterwards  Fieser“71  established 
that  phthiocol  could  be  obtained  from  vitamin  k  by  treatment  with 

alcoholic  alkali  (as  in  the  Dam-Karrer  test).  . 

Two  strains  of  human  tubercle  bacilli  were  carefully  examined 
by  Crowder  and  his  co-workers15  and  both  were  found  to  contain 
approximately  equal  amounts  of  free  and  ‘combined’  phthiocol, 
but  neither  Parshin16  nor  Francis  et  at.17  were  able  to  detect  fiee 
phthiocol  in  fresh  extracts  of  Myco.  tuberculosis.  However,  the  latter 
workers  did  observe  the  presence  of  free  phthiocol  in  extracts  whic  1 
had  been  allowed  to  stand  for  some  weeks  and  this  probably 
accounts  for  Crowder’s  results.  It  is  most  likely  therefore  that  all 
samples  of  phthiocol  which  have  been  isolated  from  bacterial  sources 
arc  artefacts,  and  indeed  a  precursor  has  been  isolated  from  Mya>. 
tuberculosis «.  This  material  was  obtained  as  a  yellow  oil  having  a 
ultra-violet  absorption  spectrum  closely  resembling  those  of 'he 
k  vitamins  but  having  a  lower  intensity  in  accordance  with  tB 

higher  molecular  weight  (c.  715  ±  20,  cf.  580  for  vitamin  *,).  This 
substance,  which  appears  to  be  another  k  vitamin,  gave  phthiocol 
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on  alkaline  hydrolysis  and  is  presumably  the  source  of  the  quinone 
first  isolated  by  Anderson  and  Newman  from  Myco.  tuberculosis. 

Phthiocol  is  acidic  and  steam  volatile,  it  forms  a  mono-acetate, 
a  triacetate  on  reductive  acetylation,  and  is  oxidized  by  alkaline 
hydrogen  peroxide  to  phthalic  acid.  These  facts  are  in  harmony 
with  structure  (6)  which  was  confirmed  by  synthesis.  The  original 
preparation18 — treatment  of  1 :  4-diacetoxy-2-methylnaphthalene 
with  alcoholic  alkali —  was  rather  poor  but  the  compound  can  be 
conveniently  obtained  by  hydrolysis  of  2-methyl- 1 :  4-naphtha- 
quinone  oxide19.  An  interesting  synthesis,  due  to  Weygand  and 
Schroder20  is  the  oxidation  of  3-methyltetralone  with  selenium 
dioxide  which  presumably  proceeds  via  the  triketo  tautomer  (7). 


Lapachol  ( lapachic  acid,  taiguic  acid,  greenhartin,  tecomin )  (8),  C15H1403, 
yellow  prisms  or  plates,  m.p.  140° 


This  colouring  matter  occurs  abundantly  in  the  wood  of  various 
trees  belonging  to  the  genus  Tecoma  ( Bignoniaceae ),  native  to  the 
West  Indies  and  tropical  America,  especially  in  T.  leucoxylon  Mart21. 
(Surinam  greenheart)  (3.7  per  cent),  and  T.  araliacea  DC.22  (7-6  per 

"7:  ,  °ccurs  aIso  in  the  wood  of  Paratecoma  peroba  (Record) 

Kuhlm.  (Bignoniaceae)2*,  Avicennia  officinalis  Linn.  ( Verbenaceae )23  a 
mangrove  swamp  tree,  and  in  Moah  wood22  which  is  orobablv 
assia  latifoha  Roxb.  (Sapotaceae) .  Lapachol  is  also  one  of  a  mixture 
of  pigments  known  as  tecomin21-210,  obtained  from  the  heartwood 
r  T •  obtusata  DG-  An  extract  made  by  heating  the  shavings  with 
hme  and  water  has  been  used  in  Brazil  for  dyeing  cotton  F  om  all 
these  sources  crude  lapachol  is  readily  isolated  bv  extracting  the 
ground  wood  with  dilute  aqueous  sodium  carbonate  § 
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Our  knowledge  of  the  intricate  chemistry  of  lapachol  and 
related  compounds  is  largely  due  to  a  long  series  of  painstaking 
researches  carried  out  by  Hooker  and  his  co-workers  during  the 
periods  1889-1896  and  1915-193526.  Prior  to  Hooker’s  investi¬ 
gations,  Paterno  had  obtained  sufficient  degradative  evidence  to  put 
forward  the  structure  (9).  He  recognized  the  quinonoid  nature 
of  the  compound  and  the  presence  of  an  acidic  hydroxyl  group  and 
prepared  a  monoacetate  (cf.  ref.  28).  Oxidation  with  nitric  acid 
gave  phthalic  acid  whilst  a  zinc  dust  distillation  yielded  naphthalene 
and  (probably)  isobutylene  together  with  traces  of  other  hydro¬ 
carbons.  Reduction  with  hydriodic  acid  and  red  phosphorus 
gave  a  product  which  Paterno  regarded  as  an  amylnaphthalene, 
the  alkyl  group  probably  occupying  a  /5-position.  This  material  was 


,0H 

CH2CH2CHMe2 


shown  by  Hooker29  to  be  a  mixture  of  two  isomeric  compounds 
containing  oxygen  (C15HieO,  a  and  ^-lapachan)  to  which  he 
assigned  chroman  structures.  However  this  did  not  invalidate 
Paterno’s  view  that  lapachol  was  an  alkenylhydroxynaphthaquinone 
with  both  substituents  in  the  quinonoid  ring,  and  in  view  ol  its 
yellow  colour  and  steam  volatility  Hooker  supported  Paterno  s 
^-quinonoid  formulation29.  The  presence  of  the  exocychc  double 
bond  was  shown  by  the  isolation29  of  addition  products  with  bromine 
and  hydrogen  chloride,  and  later  Monti21  obtained  hydrolapachol 
(10)  by  catalytic  hydrogenation  of  lapachol  acetate. 

It  was  apparent  from  the  isolation  of  iwbutylene  that  the  alkenyl 
side  chain  had  an  isoprenoid  skeleton  and  only  the  position  o 
the  double  bond  was  in  doubt.  The  choice  lay  between 


(a)— C=C— C 


/ 

V 


(b)-C-C=C 


(c)-C-C-C( 


»'S  » » - 
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o-quinone  (12)  (‘wo-/?-lapachol’)  but  as  the  quinol  derived  from  it 
differed  from  lapachol-quinol  it  was  clear  that  lapachol  did  not 
have  a  side-chain  of  structure  (a).  It  was  shown  subsequently  by 
Fieser32,  that  the  oxidation-reduction  potential  of  Hooker’s  red 
‘bo-/?-lapachol’  was  very  close  to  those  of  lapachol  and  hydrolapachol 
(both  yellow),  and  many  similar  a-naphthaquinones,  all  of  which 


were  lower,  by  c.  100  mV,  than  the  reduction  potentials  of  analogous 
p-naphthaquinones.  It  was  therefore  clear  that  Hooker’s  synthetic 
r  •,  the  a-naphthaquinone  structure  (11)  (wolapachol). 
(The  failure  of  this  compound  to  react  with  sodium  bisulphite  is 

SZTSgf  7?h  n°‘  !nfallible’  «idence.)  Some  years  later 
Hooker33  found  that  catalyttc  reduction  of  uolapachol  gave  (after 

reoxidation)  hydrolapachol,  identical  with  that  obtained  from  the 

m\rLppTctT;iIh;tinonfirmed  the  arrangemem  of  caibon 

assssassBaa 

sjkxtc:  ssan  its  *  « 

are  similarly  condensed  with  ’ll  i  a  •  4_naphthaquinones 
derivatives  If typt 3 ^ a„d  ^  ‘ "l^  ‘°ld>  ^oroalkyl 
The  distinguishing  feat^e  of  thl  ,  ^  Can  be  isoIat^86. 

bond  in  the  side  chain  is  conjugafTwhiTth”  Wh‘Ch  1  d°Ub‘e 
c-g-  (H),  is  their  bright  orange  To  red  e  l  qumone  system, 

recognized  by  their  intense  vioie,  colour  inSte^  stlm 
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hydroxide*.  If  the  double  bond  is  situated  elsewhere  in  the  side 
chain  the  compounds  are  yellow  and  their  alkaline  solutions  are  red. 
As  the  exocyclic  double  bond  is  readily  reduced  by  hydrogenation 
over  Adams  catalyst  this  provides  a  convenient  two  step  synthesis  of 
3-alkyl-2-hydroxy-l :  4-naphthaquinones. 

Of  the  remaining  double  bond  structures  for  the  lapachol  side 
chain,  (c)  was  discarded  when  it  was  found  that  both  lapachol  and 
wolapachol  could  be  converted  into  identical  derivatives,  e.g., 
hydroxywolapachol  (p.  66)  which  has  the  side  chain  structure 
— CH=C(OH) — CHMe2.  Structure  (b)  was  therefore  adopted  by 
Hooker29  and  the  Paterno  formula  was  modified  to  (8).  Some 
additional  support  for  this  structure  appeared  later  when  Price  and 
Robinson34  obtained  acetone  (and  phthalic  acid)  by  oxidizing 
lapachol  with  hydrogen  peroxide  in  alkaline  solution.  Structure 
(8)  was  finally  verified  by  synthesis. 

2-Hydroxy- 1 : 4-naphthaquinone  is  tautomeric  and  derivatives  of 
both  forms  (14  (a)  and  (b) ;  R  =  H)  can  be  obtained.  The  position 
of  equilibrium  is  not  precisely  known  but  all  the  evidence  points 
to  a  predominance  of  the  ^-quinonoid  form  as  would  be  expected. 


Bv  reaction  of  the  silver  salt  with  alkyl  halides  a  mixture  of  the  two 
alkoxyquinones  (14  (a)  and  (b) ;  R  =  alkyl)  is  obtained  (both  of 
which  regenerate  the  same  hydroxynaphthaqumone  on  hydrolysis), 
but  when  a  more  reactive  ally!  halideisemployed  some  C-substitution 
also  occurs  with  the  formation  of  (15;  R  —  allyl)  .  The  reaction 
is  analogous  to  Claisen’s  C-allylationM  of  phenols,  and  was  exploited 
by  Fieser37  in  his  synthesis  of  lapachol.  Treatment  of  a  suspension 
of  the  silver  salt  of  2-hydroxy- 1 : 4-naphthaqu.none  m  ether  at  0 
with  vv-dimethylallyl  bromide  gave,  in  addition  to  much  2-hydroxy- 
naphthaquinone  and  a  little  of  the  normal  ether  (  6),  a  small 
amount  of  2-hydroxy-3-(yy-dime.hylallyl)-l ; 4-naphthaqu.none 

*  T..is  J 

the  side  chain.  rnnfined  to  the  quinone  chromophore.  The  compounds 

are^then'orange'or  yeHow'lilce  a  norma.  2-l,ydroxy„aphlhaquino„e  and  give  only  a 

red  colour  in  alkali41-48,87- 
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(8)  which  was  identical  with  lapachol.  A  better  yield  is  obtained 
by  using  the  potassium  salt  of  the  hydroxyquinone  in  acetone 
suspension54.  It  is  conceivable,  as  Fieser  pointed  out,  that  the 


alkenylhydroxynaphthaquinone  obtained  might  have  arisen  by  a 
Claisen  migration  of  the  allyl  ether  (16),  but  the  low  temperature 
of  the  reaction,  together  with  additional  experiments  by  the  same 
author,  rule  out  that  possibility. 

Lapachol  has  also  been  synthesized  by  condensation  of  leuco- 
wonaphthazarin  (17)  with  dimethylvinylcarbinol,  whilst  a  similar 
condensation  with  isoprene,  shown  below,  gave  lapachol  together 
with  the  isomer  (18).  This  procedure  of  Gates  and  Moesta38,  is  an 


extension  of  that  used39  to  synthesize  vitamin  k,  and  the  reaction  is 
possibly  of  the  same  type  as  the  natural  mode  of  biogenesis.  In 
these  reactions  C-alkenylation  is  effected  by  dimethylallyl  cations, 
followed  by  loss  of  water  from  a  ketonic  intermediate  to  give 
l  e  quinone  (cf.  p.  146).  In  agreement  with  this,  both  isoprene 
and  dimethylvinylcarbinol,  which  can  form  the  same  mesomeric 

carbonium  ion  CH2=CH-CMe2^  CH2-CH=CMe2,  yield  the 
ame  product  (lapachol).  A  common  cation 

Me 

I 

‘3^>  on2-C=CH-CH3, 

2-L*ylbuLdel?3dolfT,  ‘T™’  and 

the  same  product  (18)  no  al’k"  TrT]  'he  firSt  two  reactar>ts  formed 
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However,  this  inconsistency  is  probably  not  significant  in  view  of 
the  low  yields  obtained  in  all  cases. 

Further  confirmation  of  the  carbon  skeleton  of  lapachol  comes 
from  a  conventional  synthesis  of  hydrolapachol  (10)40.  2-imA.myl-l- 
tetralone  (19)  was  converted  into  the  naphthol  (20)  and  then  to 
the  quinone  (21)  by  standard  procedures  and  the  hydroxyl  group 
finally  introduced  by  addition  of  methylamine  followed  by  hydrolysis 
with  sulphuric  acid.  Hydrolapachol  is  also  formed  by  oxidation  in 


OH 


CH2CH2CHMe2 


09) 


(20) 


CH2CH2CHMe2 


0 

oVr”"1 


oo) 


air  of  2-uoamyl-l :  3-dihydroxynaphthalene  (22)  in  alkaline 
solution42.  The  observation  that  hydrolapachol  showed  weak 
antimalarial  activity  led  to  the  synthesis  and  testing  of  a  very  large 
number  of  3-alkyl-2-hydroxynaphthaquinones  by  Fieser  and  his 
collaborators55.  Of  the  many  active  compounds  discovered 
lapinone  (23)  showed  the  greatest  promise. 

0 


OH 


(CH2)4  Me 
OH  | 

(CH2)8— C  —  (CH2)4Me 


OH 


(23) 


T  anachol  and  related  compoundsundergoa  number  of  remarkable 
transformations  in  acid  solution  to  form  neutral  isomenc  compounds. 
The  two  isomers  obtained  from  lapachol  (the  lapachones)  were 
J  ,  detected  by  Paterno27,  but  the  elucidation  of  their  structure 
fi",  o'  precisI  conditions  necessary  for  their  formation  were 
J  d  ■  l.v  Hooker22'30.  He  established  (despite  later  contro- 
dee”  tha!  lapachol,  when  dissolved  in  concentrated  sulphuric 
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acid  and  then  diluted  with  water,  gives  a  precipitate  of  /?-lapachone 
(24),  whereas  when  lapachol  is  warmed  with  hydrochloric  acid  (in 
acetic  acid)  the  isomeric  a-lapachone  (25)  is  formed;  further,  when 
a-lapachone  is  treated  with  concentrated  sulphuric  acid  it  is 
converted  into  /Mapachone,  and  when  /Mapachone  is  dissolved  in 
concentrated  hydrochloric  acid,  a-lapachone  is  slowly  deposited. 
All  these  reactions  (see  Chart  1)  are  quantitative.  The  quinones 
have  typical  properties.  The  o-isomer  is  orange-red  and  is  not 

Chart  1. 


0 


(26) 


volatile  in  steam,  it  readily  dissolves  in  aqueous  sodium  bisulphite 
and  forms  an  azine  with  o-toluylenediamine:  the  6-quinone  is 
yellow  and  steam  volatile,  but  does  not  react  with  o-toluylenediamine 
and  has  a  lower  reduction  potential  than  its  isomer.  In  the  con- 
veision  of  /Tlapachone  into  a-lapachone,  chlorohydrolapachol  (27) 

w  T  m  UndCr  aPProPriate  conditions;  on  further  heatini 
with  hydrochloric  acid  this  compound  is  Jransformed  into  a 

«Tomere  '™t.  Concen,lated  s“'phuric  acid  reconverts  it  into  the 
'  ”er'  Thls  md,cates  that  the  interconversion  of  the  two 

0 
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lapachones  proceeds  by  the  opening  and  closing  of  the  heterocyclic 
ring.  If  chlorohydrolapachol  is  heated  in  alcohol  or  acetic  acid, 
hydrochloric  acid  is  evolved  and  a  mixture  of  both  lapachones  is 
obtained.  The  two  lapachones,  together  with  lapachol  and 
hydroxyhydrolapachol  (26),  are  also  formed  by  treatment  of 
chlorohydrolapachol  with  cold  dilute  alkali.  The  dihydropyran 
ring  is  readily  opened  by  boiling  with  dilute  sodium  hydroxide, 
both  lapachones  yielding  the  same  hydroxyhydrolapachol  (26) ; 
this  may  be  recyclized  to  either  of  the  lapachones  with  the  appro¬ 
priate  acid  (see  Chart  1). 

Bromination  of  lapachol  leads  to  another  group  of  compounds 
which  undergo  similar  transformations.  Treatment  of  lapachol 
with  bromine  in  chloroform  solution  gives  mainly  the  bromo-/?- 
lapachone  (28 ;  R  =  Br)  by  loss  of  hydrogen  bromide  from  the 
normal  addition  product  dibromohydrolapachol30.  Under  modified 
conditions  a  dibromo-/?-lapachone  can  be  obtained,  the  second 
bromine  atom  being  located  in  the  benzenoid  ring44.  On  reduction 
with  zinc  and  alkali,  bromo-  and  dibromo-/3-lapachone  are  con¬ 
verted  into  lapachol  and  Bz-bromolapachol  respectively,  and  the 
latter  can  be  rearranged  to  the  isomeric  Bz-bromolapachones  in  the 
same  way  as  lapachol.  By  treatment  of  the  dibromide  (30)  with 
cold  1  per  cent  aqueous  sodium  hydroxide  (or  on  boiling  bromo-/?- 
lapachone  with  the  same  reagent)  dihydroxyhydrolapachol  (31) 
may  be  obtained.  Cyclization  of  this  in  hydrochloric  acid  affords  a 
red  hydroxy-/?-lapachone  (28;  R  =  OH)  but  with  concentrated 
sulphuric  acid  it  gives,  in  addition,  two  isomeric  uopropylfurano- 
naphthaquinones  (32)  and  (33).  Boiling  the  dihydroxyhydrola¬ 
pachol  with  dilute  acids  also  produces  a  mixture  of  substances  which 
includes  the  yellow  hydroxy-a-lapachone  (29).  The  two  hydroxy- 
lapachones  are  not  interconvertible  by  the  methods  which  are 
applicable  to  the  parent  a-  and  /Mapachones  but  they  bot  i  >  ie 

dihydroxyhydrolapachol  on  boiling  with  alkali.  , 

As  may  be  seen  in  Chart  2,  the  furanoquinones  can  be  derived 
from  both  lapachol  and  lapachol.  The  dibromide  (34)  obtained 
by  addition  of  bromine  to  uolapachol  (11),  loses  hydiogen  biomide 
when  kept  in  alcohol  and,  if  the  product  is  then  gently  warmed  with 
1  per  cent  aqueous  sodium  hydroxide  to  remove  res, dual  traces  of 
acid  the  red  wopropylfurano-0-naphthaqumone  (32)  can  be 
isolated  and  this  is  identical  with  that  derived  from  dihydroxy¬ 
hydrolapachol.  On  dissolution  in  concentrated  hydrochloric  acid 
it^ gradually  changes  to  the  yellow  isomer  (33).  The  furan  ring  is 
opened  by  boiling  with  dilute  aqueous  sodium  hydroxide  both 
isomers  yielding  hydroxyitelapachol  (35).  D.rect  treatment  of  the 
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crude  dibromide  (34)  also  affords  (35)  and  hence  this  compound  can 
be  obtained  both  from  lapachol  and  wolapachol.  If  hydroxy  wolapa- 
chol  is  dissolved  in  concentrated  sulphuric  acid  for  a  few  minutes  and 

Chart  2 


the  solution  then  diluted  with  water,  a  mixture  of  the  two  furano- 
qumones  32)  and  (33)  is  produced.  Hydroxy, lapachol  is  anna 

..  XsXirxzxxir  “  • 


CH2CH-CMe2  -ii—*.  _rH  r__riul 
|  2  -h2o  ch2C — CMe2 

OH  OH  iH 


~CH2CCHMe2 


(a) 


-CH=C-CHMe, 

i  ! 

OH 
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As  already  mentioned,  the  two  products  obtained  by  reduction  of 
lapachol  with  hydriodic  acid  and  red  phosphorus  have  the  mole¬ 
cular  formula  C15HleO.  In  view  of  the  facility  with  which  lapachol 
cyclizes  under  acid  conditions,  and  the  fact  that  the  individual 
isomers  could  also  be  obtained  separately  by  reduction  of  a-  and  ft- 
lapachone  under  the  same  conditions,  they  were  formulated  as  (36) 
(a-lapachan)  and  (37)  (/1-lapachan)29. 


The  isomeric  changes  discussed  are  not  confined  to  the  lapachol 
series  and  occur  generally  with  2-hydroxy- 1 :  4-naphthaquinones 
having,  at  position  3,  an  alkenyl  side  chain  of  type — C=CRR'  or 
— C — C=CRR'  (see  e.g.,  the  reactions  of  the  2-hydroxy-3-allyl-l :  4- 
naphthaquinones35’37’39,  norlapachols46-53  and  t^odunniol47*54),  yet 
remarkably  little  attention  has  been  paid  to  the  causes  underlying 
these  transformations.  The  quantitative  isomerization  of  a-  and  /?- 
lapachone  in  strong  acids  is  the  most  clear-cut  example  and  this  has 
recently  been  studied  by  Ettlinger48.  As  his  experiments  were  done 
in  concentrated  sulphuric  acid  in  which  a-lapachone  is  unstable  he 
used  the  closely  related  quinones  (38)  and  (39).  The  ionization  of 
these  quinones  in  95  per  cent  sulphuric  acid  was  demonstrated 


spectroscopically ;  whereas  the  ultra-violet  absorption  spectra  of  (38) , 

(39)  and  hydrolapachol  (10)  in  ethanol  differ  considerably,  in 
95  per  cent  sulphuric  acid  they  are  almost  identical  indicating  the 
formation  of  a  common  mesomeric  cation  which  can  be  written  as 

(40)  Measurement  of  the  ionization  constants  showed  that  p- 
lapachone  is  remarkably  basic  (p K&  -  3-45)  and  that  the  0-quinone 
(38),  though  weaker  (PK&  -  3-75)  was  about  eight  hundied  times 
more  basic  than  its  p- isomer  (39)  (p*a  -  6-65).  It  may  reasonably 
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be  assumed  that  the  ratio  of  basicities  of  a-  and  /Mapachones  is  about 
the  same  as  for  (38)  and  (39).  With  this  data  the  interconversion  of 


R"0+ 


(AO) 

the  lapachones  in  acid  solution  can  be  understood;  the  />-quinone 
(a-lapachone)  is  the  more  stable  of  the  free  quinones  but  the  o- 
quinone  (/Mapachone)  cation  is  the  more  stable  of  the  two  cations. 
The  equilibria  in  acid  solution  can  be  depicted  as  shown  below, 
omitting  combinations  of  the  carbonium  ions  with  available  anions 
which  may  be  important  in  the  more  aqueous  acid  solutions.  In 


from  the  side  of ‘° Shift  ^equilibrium 
therefore  separates  on  diiution,  or  under  iSSErt 

69 


NAPHTHAQUINONES 

conditions,  it  separates  gradually  from  the  hydrochloric  acid  solu¬ 
tion,  the  equilibrium  being  continuously  displaced  in  favour  of  a- 
lapachone.  Ettlinger  supported  this  interpretation  by  experiments 
conducted  in  aqueous  sulphuric  acid  in  which  lapachol,  or  one  of  the 
lapachones,  was  digested  in  acid  of  various  concentrations  and  then 
rapidly  diluted.  He  found  that  using  acid  of  62  per  cent  concentra¬ 
tion  or  less  the  product  was  a-lapachone,  75  per  cent  (or  above)  gave 
^-lapachone,  and  a  mixture  (c.  50 : 50)  of  the  two  isomers  was  ob¬ 
tained  from  67  per  cent  sulphuric  acid.  This  provides  a  reasonable 
explanation  of  the  a-  and  ^-lapachone  rearrangements  but  it  is  diffi¬ 
cult  to  extend  it  to  other  cases,  until  more  information  is  available. 
Most  of  the  other  isomerizations  of  this  type  proceed  less  smoothly 
and  mixtures  frequently  result.  However,  one  or  two  broad  generali¬ 
zations  appear  from  a  study  of  Hooker  s  work.  It  is  evident  that 
rearrangement  of  the  cyclic  ethers  is  greatly  facilitated  if  the  ether 
oxygen  is  linked  to  a  tertiary  carbon  atom  in  the  side  chain  which 
can  separate  as  a  stable  carbonium  ion.  It  is  also  apparent  that 
cyclization  in  acid  solution  to  form  an  o-quinone  is  a  fastei  leaction 
than  the  alternative  formation  of  a  ^-quinone.  The  o-quinone  is 
normally  the  initial  product  which  may,  according  to  its  stiuctuie, 
rearrange  to  the p- quinone ;  e.g.  Hooker30  observed  the  initial  forma¬ 
tion  of  /Mapachone  in  the  conversion  of  lapachol  to  a-lapachone  in 
hydrochloric  acid.  On  the  other  hand,  in  alkaline  solution  a  p- 
quinone  can  be  formed  directly,  for  treatment  of  chlorohydrolapachol 
with  alkali  gives  a  mixture  of  both  lapachones30. . 

In  addition  to  the  transformations  which  afford  isomeric  quinones, 
lapachol  undergoes  a  further  reaction  in  which  the  diacetates  o 
isomeric  quinols  are  formed.  Again  the  reaction  was  discovered  by 
Paterno27,  the  structure  of  the  products  being  determined  bv 
Hooker49.  Reaction  of  lapachol  with  acetic  anhydride  in  t  e 
presence  of  sodium  acetate  yields  a  colourless  diacetate;  on  hydro 
vsis  and  oxidation  this  gives  a  qumone,  considered  at  to 
isomeric  with  lapachone  ( Pater  no  Vir.iapachone’-)  but  Uter  shown 

to  have  the  molecular  formula  C15H1203  and  not  C15HI403  r“>u1'' f 
“y  lapachone30.  Reinvestigating  the  react, on,  Hooker  found  once 
aLin  that  two  isomers  were  produced  and  when  these  d, acetates 
wgere  separately  subjected  to  catalytic  hydrogenation  they  absoibed 
:„e  mX  oThydrogen  and  the  reduction  products  were  ,den.,c  1 
with  a-  and  /J-lapachone-quinol  diacetates  [ (41 )  and  (42)  H , 
rivelvl  These  reactions,  which  arc  set  out  in  Chart  f,  estaDiisn  t 
structures  of  die  diacetales  formed  in  Paterno’s  reaction  as  (43)  and 
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Chart  3 


oxidation  of  both  (43)  and  (44)  gives  the  same  quinone  which  is 
therefoie  (45)  or  (46),  now  termed  dehydrolapachone.  The  actual 
structure  has  not  been  established.  The  chemical  evidence  is  mainly 
in  favour  of  the^-qumonoid  form  (45).  This  would  be  expected  on 
general  grounds  and  is  supported  by  its  conversion  into  a-lapachone 
y  al.ytlC  reductlon  and  subsequent  oxidation  in  air,  by  reductive 

■lCC  f  tvi-511 can  be  hydrogenated  to  (41 )  and  by  the 
.n^lub.h.y  of  dehydrolapachone  in  aqueous  sodium  l  isulphit  » 
The  format, on  of  an  azme,  which  can  be  converted  by  hydrovenation 
■n  o  the  azme  of /Mapachone  seems  to  favour  the  e-quinonoid  form 

s=ra,r  -  ~  w:  SKs 

EL'S',  Tht 

and  (46)  on 
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as  the  /^-quinone  would  be  expected  to  have  this  colour,  the 
double  bond  in  the  heterocyclic  ring  being  conjugated  with  the 
quinone  system.  The  ultra-violet  absorption  of  dehydrolapachone 
was  examined  by  Cooke,  Macbeth  and  Winzor75.  Naphthaquinones 
show  a  characteristic  absorption  band  at  c.  330  m/j,  (C=C — C=0) ; 
if  a  conjugated  double  bond  is  present  in  a  side  chain  this  band  is 
modified  to  an  inflexion  and  there  is  also  a  bathochromic  shift  of  the 
longer  wavelength  absorption.  The  spectrum  of  dehydrolapachone 
is  similar  to  that  of  /3-lapachone  and  shows  maxima  at  333-5  and 
443  m//;  this  suggests  that  dehydrolapachone  has  an  o-quinonoid 
structure  but  the  appearance  of  a  band  rather  than  an  inflexion  at 
333-5  m/u,  led  Cooke  et  al.  to  propose  structure  (47)  for  dehydro¬ 
lapachone  in  which  the  carbon-carbon  double  bond  is  not  conjugated 
with  the  quinone  ring.  The  absorption  maxima  of  dehydrolapa- 


chone  agree  closely  with  those  of  dehydrowolapachone  (an  isomer  of 

(47) _ see  p.  79)  in  wavelength  but  differ  in  intensity.  However  the 

furanoquinone  structure  (47)  is  very  difficult  to  reconcile  with  some 
of  the  chemical  properties  of  dehydrolapachone,  especially  the 
formation  of  a-lapachone  by  hydrogenation  and  the  production  of 
the  diacetate  (43)  by  reductive  acetylation.  > 

This  unusual  reaction  between  lapachol  and  acetic  anhydride  has 
been  observed  in  one  other  instance.  Fieser35  was  unable  to  prepare 
the  normal  acetate  from  3-allyl-2-hydroxy-l  :4-naphthaquinone,  but 
using  acetic  anhydride  and  sodium  acetate  a  product  was  obtained 
whose  analysis  corresponded  to  the  structures  (48)  or  (49) ;  the 
second  isomer  was  isolated  later  by  Hooked.  Hydrolysis  and  oxi¬ 
dation  gave  a  compound  resembling  dehydrolapachone.  4  he 


(48) 
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mechanism  of  this  reaction  has  not  been  elucidated.  Hooker  noted 
that  crude  lapachol,  after  long  storage,  became  contaminated  with 
dehydrolapachone.  The  latter  might  have  been  produced  directly 
from  the  lapachol  by  an  oxidation  process  but  this  is  improbable  in 
the  formation  of  the  diacetates  (43)  and  (44).  A  possible  mechanism 
is  shown  below.  Two  protons  are  removed  by  the  basic  catalyst,  one 


Ac'OAc 


from  the  hydroxyl  group  and  the  other  from  the  reactive  methylene 
group.  If  normal  acetylation  is  the  first  step,  then  subsequent  elec¬ 
tronic  shifts  (scheme  A)  will  lead  to  (44)  but  if  a  methylene  hydrogen 
is  removed  initially  (scheme  B)  then  the  final  product  will  be  (43). 


The  Hooker  Oxidation 


In  the  course  of  his  work  on  the  structure  of  lapachol,  Hooker 
carried  out  some  oxidations  with  alkaline  permanganate  in  the  hope 
of  obtaining  useful  degradative  evidence.  The  results  obtained  were 
altogether  unexpected  but  when  they  were  clarified  a  most  interest¬ 
ing  and  useful  general  reaction  emerged  which  is  now  known  as  the 
Hooker  Oxidation**, 56, 57.  In  this  reaction,  quinones  of  type  (50)  are 
converted  into  their  lower  homologues  (51),  the  methylene  group 
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attached  to  the  quinonoid  ring  is  eliminated  and  the  positions  of  the 
alkyl  and  hydroxyl  groups  are  interchanged.  Good  yields  (70-80 
per  cent)  are  obtained  with  alkylhydroxyquinones,  falling  to  35-40 
per  cent  when  the  side-chain  is  unsaturatcd.  In  this  way  lapachol 
yields  norlapachol  (52) ;  as  this  compound  is  red  in  colour  it  follows 
that  the  double  bond  is  now  conjugated  with  the  quinone  ring  which 
provides  added  confirmation  of  the  position  of  the  exocyclic  double 
bond  in  lapachol  itself.  During  the  oxidation  the  red  colour  of  the 


(52) 


hydroxy  quinone  anion  fades,  yielding  an  almost  colourless  solution 
which,  after  a  short  time,  again  becomes  red.  This  colourless  inter¬ 
mediate  stage  led  Hooker  to  suggest  that  the  reaction  proceeded  by 
the  quinonoid  ring  opening  and  then  closing  in  a  different  manner 
and  he  put  forward  a  reaction  scheme  which  involved  the  inter¬ 
change  of  the  hydroxyl  and  alkyl  groups.  This  hypothesis  was 
established  (Fieser  el  a/.58)  by  applying  the  Hooker  oxidation  to 
alkylhydroxynaphthaquinones  carrying  a  substituent  in  the  benze- 
noid  ring,  e.g.  oxidation  of  (53)  gave  (54),  and  (55)  yielded  (56). 
Later,  a  detailed  investigation  by  the  kiesers59  showed  that  Hookei  s 
mechanism  was  essentially  correct. 


If  the  reaction  mixture  is  acidified  at  the  colourless  stage,  the 
oxidation  is  interrupted,  which  enables  an  intermediate  to  be 
isolated.  Using  modified  oxidation  conditions  (hydrogen  peroxide 
and  sodium  carbonate  in  aqueous  dioxan),  tins  done  w  h 

various  ouinones  and  the  intermediates  have  been  identified  as  chhy 
droxyindanonecarboxylic  acids  (58)“.  These  can  be  converted  by 
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alkaline  permanganate  into  the  lower  alkylhydroxyquinone  homo- 
logues.  Isolation  of  the  same  intermediate  by  oxidation  of  lapachol 
with  both  permanganate  and  hydrogen  peroxide  showed  that  the 
reaction  followed  the  same  course  with  each  reagent.  In  the  mecha¬ 
nism  postulated  for  the  conversion  of  the  indanone  into  the  final 
product  (51)  ( see  Chart  4)  the  tautomeric  ketol  form  (59)  is  first 


Chart  4 


oxidized  to  the  tnketoacid  (60)  and  a  bicyclic  structure  (61)  is  then 
regained  by  an  aldol  reaction.  The  subsequent  steps  are  enolization, 
decarboxylation  of  (62),  which  is  a  vinylogue  of  a  d-ketoacid  tauto 
menzation  of  (63)  and  final  oxidation.'  Two  pathlays  can  be  envi- 

derivatte  (‘"I  F  ‘he  T?”8  -qUin°ne  (50)  to  the  indanone 
derivative  ( a8)  .  F.ssion  of  the  quinone  ring  probably  involves  the 

diC  0^581  ^  hUCT  C°Uld  giW  (59)  ^  a  »one 

,  ®  'Y  a  benzihc  acid  rearrangement  Essentiallv 

he  same  mechanism  for  the  Hooker  oxidation  has  been  established 
by  Russian  workers-.  They  have  shown-  howevenhat“Sa 
t.on  of  a-hydroxyacids  of  the  type  (61)  in  alkaline  solution  occurs 
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readily  in  the  presence  of  an  oxidant  (e.g.  atmospheric  oxygen) 
and  they  formulate  the  final  stages  of  the  reaction  as  follows: 


Much  evidence  for  the  formation  of  compounds  of  type  (57)  in  the 
oxidative-hydrolytic  fission  of  quinones  has  been  obtained  by  the 
Russian  group60-61,  e.g.  chlorination  of  phthiocol  in  aqueous  suspen- 


(64)  (65) 


sion  yields  (64;  R  =  Cl)  which  loses  water  on  drying  in  vacuo  at 
125°  to  give  the  triketone  (65) 61.  On  treating  the  hydrate  (64; 
r  ci)  with  dilute  ammonia,  or  on  boiling  with  water,  it  gives  a 
mixture  of  the  ketol  (59;  R=  H)  and  the  ketol  chloride  (59; 
R  =  H;  Cl  in  place  of  OH)62.  Shchukina  et  a/.63  have  criticized 
the  cyclic  structure  (58)  proposed  by  the  Fiesers  but  this  formulation 
has  been  confirmed  by  more  recent  American  work64. 

It  has  been  observed  in  several  laboratories64  67  that  3-alky  -2- 
hydroxy-1 :  4-naphthaquinones  (particularly  those  with  bulky  alkyl 
substituents)  rearrange  in  hot  alkaline  solution  forming  indenone- 
carboxylic  acids.  In  one  example,  shown  below,  3-cyclohexyl-Z- 
hvdroxy-1 : 4-naphthaquinone  was  converted  into  2-cyclonexyl- 
indenone-3-carboxylic  acid.  Oxidation  of  this  acid  with  osmium 


tetroxide  gave  the  m-diol  (66)  which  was  identical  with  the  cyclo- 

hexyldihydroxyindanone-carboxylic  acid  previously  obtained  by 

Hooker  oxidation  on  3-tjcfohexy  1-2-hydroxy- 1 :  4-naphthaquinone. 
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In  the  course  of  their  investigations,  the  Fiesers  developed  a  modi¬ 
fied  version  of  the  Hooker  oxidation  which  afforded  greater  flexi¬ 
bility  and  higher  yields,  especially  of  alkenylhydroxyquinones. 
Their  procedure  is  in  two  stages;  the  quinone  is  converted  into  the 
indanone  acid  by  treatment  with  hydrogen  peroxide  in  dioxan-soda 
solution  under  nitrogen  and  then,  after  removal  of  excess  peroxide, 
the  ketol  is  oxidized  with  copper  sulphate  in  alkaline  solution59. 


Lapachol  Peroxide 

The  oxidation  of  lapachol  with  lead  dioxide  in  acetic  acid  was  also 
briefly  examined  by  Hooker.  A  neutral  yellow  compound  was 
obtained  having  the  molecular  formula  C30H26O6,  equivalent  to  two 
molecules  of  lapachol  less  two  atoms  of  hydrogen.  It  was  accor¬ 
dingly  termed  ‘lapachol  peroxide’46  but,  apart  from  noting  that 
alkaline  hydrolysis  regenerated  lapachol  in  good  yield,  no  structural 
investigation  was  undertaken.  The  problem  was  taken  up  later  by 
Ettlinger68  who  showed  that  the  compound  formed  a  wo/70-azine 
with  o-phenylenediamine  from  which  lapachol  and  lapeurhodone 
(lapachol-azine)  could  be  obtained  on  reduction  with  zinc  in  alkaline 
solution.  It  was  evident  from  the  light  absorption  of  the  peroxide 
and  its  phenazine  derivative  that  the  reactive  o-diketone  moiety  of 
the  former  was  not  quinonoid.  Such  a  structure  is  present  in  the 
tautomeric  form  (67)  of  lapachol  which  would  be  stable  if  the  second 


lapachol  residue  in  the  ‘peroxide’ 
facility  with  which  the  molecule 
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suggests  a  carbon-oxygen  linkage  of  the  two  portions  and  on  the 
basis  of  the  ultra-violet  absorption  Ettlinger  favoured  structure  (69) 
in  which  one  lapachol  residue  has  an  o-quinonoid  configuration. 
However,  the  light  absorption  data  are  not  altogether  convincing 
and  in  view  of  the  yellow  colour  of  the  molecule  and  the  formation  of 
only  a  mowophenazine  derivative  the  />-quinonoid  structure  (68) 
seems  at  least  as  likely.  The  formation  of  lapachol  peroxide  can  now 
be  recognized  as  an  interesting  variation  of  the  Pummerer  oxida¬ 
tion69-74,  the  compound  being  a  dimeride  of  the  mesomeric  radical 
(70). 

Lomatiol  (71),  C.15H1404,  yellow  needles,  m.p.  127 ' 


This  pigment  forms  the  yellow  outer  layer  of  the  seeds  of  various 
Australian76  Lomatia  ( Proteaceae )  species  (T.  ilicifolia  R.Br.,  longifolia, 
R.Br.,  silaifolia  R.Br.,  tinctoria  R.Br.  and  polymorpha  R.Br.)  but  is 
apparently  absent  in  three  Chilean  species  ( L .  dentata,  R-Bi .,  ferru- 
ginea  R.Br.  and  obliqua  R.Br.)  examined  by  Hooker77.  It  occurs  to 
the  extent  of  12  per  cent  in  the  seeds  and  3-5  per  cent  in  the  ripe 
fruits  of  L.  longifolia  and  may  be  extracted  by  digestion  with  warm 
dilute  aqueous  sodium  carbonate.  Lomatiol  may  also  be  present  in 
the  bark  of  L.  ilicifolia  which  has  been  used  for  dyeing  purposes. 

The  preliminary  investigations  of  Rennie76  established  that  loma¬ 
tiol  was  closely  related  to  lapachol.  In  particular,  treatment  of  the 
new  pigment  with  concentrated  sulphuric  acid,  afforded  hydroxy- 
d-lapachone  (28;  R  =  OH)(p.  65)  which  was  converted  into 
dihydroxyhydrolapachol  by  hydrolysis  with  aqueous  potassium 
hydroxide.  As  the  compound  formed  a  diacetate,  and  gave 
phthalic  and  acetic  acids  on  chromic  acid  oxidation,  one  of  the 
hydroxyl  groups  is  obviously  in  the  side  chain  Taking  other  experi¬ 
mental  results  into  consideration  Rennie  concluded  that  his  Lomatia 
nuinone  was  a  hydroxylapachol  and  further  examination  was  eft  to 
Hooker.  The  chemistry  of  lomatiol  is  complicated  by  amonotropic 
and  cationotropic  rearrangements  which  were  not  at  first  understoo  , 
and  Hooker’s  initial  structural  proposal78  was  later  abandon 
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Significant  results  were  obtained  by  catalytic  hydrogenation.  Two 
products,  hydrolomatiol  and  hydrolapachol,  were  isolated  (after 
reoxidation)  which  established  the  existence  of  a  double  bond  in  the 
side  chain  and  confirmed  that  it  had  the  same  carbon  skeleton  as 
lapachol.  The  position  of  the  alcoholic  hydroxyl  group  in  hydro¬ 
lomatiol  was  determined  as  follows :  of  the  four  possible  structures, 


(a) — CHCH2CHMe2 
OH 


(b) — CH2CHCHMe2 

I 

OH 


(c)  — CH2CH2CMe2 

I 

OH 


(d) 


CH;CH2CHMe2 

CH2OH 


(b)  and  (c)  were  quickly  eliminated,  as  a  compound  with  side  chain 
(b)  was  obtained  by  hydrogenation  of  hydroxy/jolapachol  (35) 
(p.  67)  and  the  hydroxyamyl  group  (c)  is  the  side  chain  of  hydroxy- 
hydrolapachol  (26)  (p.  65)  derived  from  a-  and  /S-lapachone  by 
alkaline  hydrolysis.  The  third  isomer  (a)  has  not  been  isolated,  but 
a  compound  of  this  structure  is  regarded  as  an  intermediate  in  the 
condensation  of  frovaleraldehyde  with  2-hydroxy- 1 :  4-naphtha- 
quinone  (p.  61).  As  lomatiol  is  not  converted  into  wolapachol 
under  acid  conditions,  structure  (a)  can  also  be  eliminated  and 
hydrolomatiol  must  therefore  be  (d)  (75).  The  location  of  the 
double  bond  in  the  side  chain  of  lomatiol  remains  to  be  settled.  Of 
the  four  possible  positions,  the  only  arrangement  which  can  account 
for  the  chemical  behaviour  of  lomatiol  is  the  allylic  structure  (71) 
(see  Chart  5).  When  lomatiol  is  dissolved  in  concentrated  sulphuric 
acid,  an  anionotropic  rearrangement  takes  place  leading  to  (72) 
(not  isolated),  and  if  the  solution  is  immediately  diluted  with  water 
the  red  furanoquinone  (73)  (dehydrouo-^-lapachone)  is  precipi¬ 
tated'6.  The  structure  of  the  latter  is  supported  by  hydrogenation 
to  give  wo-/5-lapachone  (77)  and  by  the  formation  of  wolomatiol  (72) 
on  alkaline  hydrolysis.  The  position  of  the  hydroxyl  group  in  the 
alkenyl  side  chain  of  uolomatiol  is  verified  by  hydrogenation  which 
yields  (76)  identical  with  the  hydrogenation  product  of  hydroxy- 
uolapachol.  If  a  solution  of  lomatiol  in  concentrated  sulphuric  acid 
is  allowed  to  stand  for  r.  20  minutes  before  dilution  with  water 
hydroxy-^-lapachone  (28)  is  formed’6.  Additional  support  for  the 

whicTr/J  15  Pr°Vlded  by  a  Permanganate  oxidation  of  lomatiol 
which  affords  a  deep  orange  quinone  (74),  the  structure  of  which 

H  T  f  by  Hooker79-  This  is  a  remarkable  example 

primLralt>horX  tl0n  “  Which  b°th  the  d°uble  bond  and  the 

pi  unary  alcoholic  group  are  preserved. 

VVa™rdr)!°n  ‘°  a'lyliC  Shif‘S  Which  °CCUr  in  this  series  of  compounds 
agnei  rearrangements  are  also  frequently  encountered  Thus  the 

three  _c  qumones  (26),  (75)  and  (76),  all  gS^l™^ 
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Chart  5* 


(24)  by  the  action  of  concentrated  sulphuric  acid,  the  carbonium 
ions  formed  initially  from  (75)  and  (76)  rearranging  to  the  more 
stable  tertiary  cation  (78).  Hydroftolomatiol  (76)  also  foims  some 
of  the  red  fjo-^-lapachone  (77)  by  cyclization  of  the  initial  secondaiy 
carbonium  ion.  With  the  acid  of  these  reactions  it  is  possible  to 
convert  lomatiol  into  lapachol,  and  synthetic  hydroxy-wo-lapachol 
into  lapachol,  the  latter  constituting  a  complete,  though  roundabout, 

synthesis  of  lapachol.  The  steps  are  lomatiol  hydrolomatiol 

H»80V  /Mapachone  chlorhydrolapachol  - >  lapa^^; 

hydrobolomatiol  - > 


hydroxyuolapachol  (Chart  2) 
/5-lapachone 


HCl 


KOH  .  . 

chlorhydrolapachol  - >  lapachol. 


A  synthesis  of  lomatiol  has  been  achieved  by  Gates  using 
Guillemonat’s81  method  for  the  oxidation  of  olefins  to  allyl  alcoho  s, 

_CH CH=CH _ *  —  (OH)CH— CH=CH— .  This  is  brought 

about 2 by  reaction  with  a  limited  amount  of  selenium  dioxide  in 
acetic  anhydride  and,  when  applied  to  /mrolapachol  triacetate  (  ), 

the  Hooker  oxidation 

ST  “111  £  ££££*& 

exist  as  such. 
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product  of  lomatiol,  led  to  the  discovery  of  a  remarkable  violet 
naphthaquinone82.  Norlomatiol  readily  loses  the  elements  of  water 


on  heating  to  form  the  red  methylpyranoquinone  (80),  a  compound 
very  similar  to  dehydrolapachone.  Its  structure  was  established  by 
hydrogenation  to  give  the  />-quinone  (84).  The  latter  was  also 
derived  from  norlomatiol  by  hydrogenation  giving  (82)  (a  second 
product  was  also  formed  by  removal  of  the  allylic  hydroxyl  group), 
followed  by  cyclization  with  sulphuric  acid  to  the  orange  /9-quinone 
(83)  which  rearranged  in  hydrochloric  acid  to  the  isomeric  yellow 


Chart  6 


f;rrei84>  (f  ChART  6-)  When  th=  red  quinone  (80)  is 

to  thtrobtained "h  ‘  CrimS°n  S°‘Uti°n  is  Produced  similar 

to  that  obtained  by  dissolution  of  norlomatiol  in  alkali*  but 

whereas  the  latter  can  be  recovered  by  acidification  of  its  aikahne 

is  or^,  buTtsSris^s  t^d!'  1”  wM°n-  °f  rB™an“-  Th'  quinone  (74) 
the  side  chain;  however  this  restraint  is  tost  tolBOSeS  1  P’anar  confiSuration  on 
PVran  ring  opens  and  both  dihydr°- 
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solution,  the  same  treatment  of  an  alkaline  solution  of  (80)  affords 
a  beautiful,  deep  violet,  isomeric  quinone  (81)  and  no  intermediate 
open  chain  compound  can  be  isolated.  The  structure  of  the  violet 
quinone  is  supported  by  the  formation  of  an  azine,  its  solubility  in 
aqueous  sodium  bisulphite  and  its  conversion  into  the  quinone  (83) 
on  catalytic  hydrogenation.  The  colour  is  also  in  accord  with 
structure  (81) ;  the  bathochromic  shift  produced  by  the  conjugated 
double  bond  in  the  dihydropyran  ring  corresponds  to  that  found  in 
similarly  constituted  />-quinones,  but  it  must  be  noted  that  the 
furanoquinone  (85a)  is  merely  red53.  The  violet  quinone  is  very 
reactive,  isomerizing  readily  in  aqueous  or  alcoholic  solution  to 
the  red  />-quinone  (80),  especially  in  the  presence  of  hydrochloric 
acid.  (The  failure  to  convert  dehydrolapachone  into  an  isomeric 
o-( ?) -quinone  is  possibly  due  to  a  similar  instability*.)  Remarkable 


0 


(85a) 


reactions  take  place  in  acid  and  alkaline  solution :  when  the  violet 
quinone  is  dissolved  in  concentrated  sulphuric  acid  and  immediately 
diluted  with  water,  or  if  dissolved  in  alkali  and  acidified  without 
delay,  it  is  recovered  unchanged,  but  if  either  of  these  solutions  is 
kept  for  some  days  red  crystals  of  the  isomer  (80)  are  deposited. 
Separation  of  the  red  compound  does  not  occur  while  an  alkaline 
violet  miinone  is  kept  in  vacuo,  but  when  subsequently 
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Many  of  the  facts  can  be  accounted  for  on  this  basis  but  the  details 
of  the  reaction  are  obscure.  The  formation  of  2-hydroxy- 1 :  4- 
naphthaquinone  is  probably  a  consequence  of  hydration  of  the  side 


(85b) 


chain  double  bond,  followed  by  a  reversed  aldol  condensation, 
analogies  for  which  are  known87. 


Dunnione  (86),  C15H1403,  orange-red  needles,  m.p.  98-99°,  fair)  4- 
310°  (chloroform) 


(86) 


Dunnione  is  found  as  an  orange-red  deposit  on  the  leaves,  stems 
and  flowers  of  the  South  African  plant,  Streptocarpus  Dunnii  Mast. 
{Gesneraceae)  .  The  leaves  are  large  (c.  24  inches  long  and  1 8  inches 
.,e)  a"d  c;  °'5-2  «•  of  pigment  per  leaf  can  be  isolated  by  extraction 
r'|  cold31b4e,nzene-  The  structure  was  determined  by  Price  and 


This  quinone  is  isomeric  witli  lapachol  and  its  chemical  behaviour 
.s  of  a  similar  character  Under  the  influence  of  acids  and  alkalis 
t  can  be  converted  into  four  different  isomers31.  The  o-quinonoid 
Structure  is  indicated  by  its  ready  reduction  and  reoxidahon  Hh 
OSS  and  regain  of  colour),  solubility  in  aqueous  sodium  bisulphite 
he  formation  of  a  /^diacetate  and  a  phenazine  derivative  and 
ts  ultra-violet  absorption78.  When  refluxed  with  20  per’ cent 
hydrochloric  acid,  dunnione  rearmnae,  if  P 

£  t jsr SfS  ir 

reactions  are  reminiscent  /?  u  u  ,  recovered.  lhese 

dunnione  in  cold  alkali  in  \f  \  p!>c  ,'’nf  and  the  behaviour  of 

parallel  to  lapactof  and  hv  ’  “  uT  T  S‘°wly>  bears  a  <*~ 
lapachol  and  hydroxyhydrolapachol.  From  this 
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Price  and  Robinson34  deduced  that  the  third  oxygen  atom  must 
be  in  a  dihydrofuran  or  dihydropyran  ring.  Dunnione  rearranges 
in  hot  alkali  to  another  isomer,  aZZodunnione,  a  reaction  which 
has  no  parallel  in  the  lapachol  and  lomatiol  series. 

The  structure  of  the  heterocyclic  ring  was  elucidated  by  oxidative 
degradations.  Oxidation  with  acid  permanganate  yielded  phthalic 
acid;  alkaline  hydrogen  peroxide  gave  in  addition,  acetaldehyde 
and  an  acid  C12H1204.  Under  these  latter  conditions  aZZodunnione 
would  be  formed  and  in  separate  experiments  it  also  afforded 
acetaldehyde  and  the  C12  acid.  Kuhn-Roth  oxidations  of  both 
dunnione  and  aZZodunnione  yielded  c.  1-3  moles  of  acetic  acid 
corresponding  approximately  to  the  presence  of  one  side  chain 
methyl  group  and  one  gem-dimethyl  group  in  each  molecule.  It 
was  recognized  that  conclusions  reached  on  the  basis  of  the  degra¬ 
dation  products  were  subject  to  some  uncertainty  on  account  of  the 
ease  of  isomerization  of  dunnione,  but  assuming  the  usual  isoprene 
configuration  for  the  C5  side  chain  there  appeared  to  be  three 
possible  structural  arrangements,  and  the  trimethyldihydrofuran 


structure  (a)  accorded  best  with  the  oxidation  products,  particularly 
the  formation  of  methyl  Zjopropyl  ketone,  obtained  by  careful 
oxidation  of  dunnione  with  chromic  acid4'.  Subsequently  a 
synthesis  of  the  dl  form  of  dunnione  which  was  chemically  identical 
with  the  natural  product,  put  structure  (a)  (86)  beyond  dispute. 
It  follows,  by  analogy  with  Hooker’s  work  that  a-dunmone  is  the 
corresponding  p- quinone  (87).  All  attempts  to  isolate  the  inter¬ 
mediate  open-chain  compound  failed  (see  Chart  7) ;  its  sensitivi  y 
to  acids  leads  to  rapid  cyclization  at  low  pH,  and  in  alkali  it  rea  i  y 
rearranges  to  aZZodunnione.  The  allylquinone  (88)  is  an  isomer  of 
dunnione  which  Cooke54  obtained  by  Claisen  rearrangement  of  the 
corresponding  allyl  ether  (16)  (p.  63),  the  secondary  product  in 
Fieser’s  lapachol  synthesis.  When  dissolved  in  cold 
sulohuric  acid  it  cyclized  to  form  the  racemic  modification  of  the 
natural  product54.  Its  identity  was  confirmed  by  treatment  with 
alkali  togive  the  dl  forms  of  a-dunmone  and  aZZodunmone. 

*  A  racemic  form  of  this  isomer  is  now  known38. 
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Wagner  rearrangement  occurs  when  the  allylquinone  (88)  is 
cyclized  in  cold  sulphuric  acid  but  presumably  this  would  occur  on 
heating  since  dunnione  and  a-dunnione,  which  form  the  same 
carbonium  ion,  are  stable  under  these  conditions  but  cyclize  to 
/i-b'odunnione  at  100°. 

In  hot  sulphuric  acid  a-dunnione  rearranges  to  a  new  orange-red 
isomer.  As  this  compound  is  sensitive  to  light  and  is  stable  in  hot 
alkaline  solution  it  is  evidently  different  in  structure  from  dunnione. 
When  it  is  heated  in  hydrochloric  acid  a  further  transformation 
takes  place  and  yet  another  (yellow)  isomer  is  formed.  This  last 
isomerization  can  be  reversed  in  concentrated  sulphuric  acid. 
These  two  substances,  known  as  a-  and  /2-fyodunnione,  closely 
resemble  a-  and  /5-lapachone  and  it  is  obvious  from  their  properties 


HjS04| 


H2S04' 


0 


(87) 


n 


The  and  ^-one, 

neutralization  hydroxyhydrottedunnior'^r'i:"^^!™^-^ 
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treatment  with  the  appropriate  acid  this  may  be  recyclized  to 
either  a-  or  /3-wodunnione.  The  observation  that  acetone  was 
formed  on  oxidation  of  /3-bodunnione  with  either  chromic  acid  or 
alkaline  hydrogen  peroxide  was  the  key  to  the  structure  of  the 
bodunniones.  Under  alkaline  conditions,  the  substance  actually 
oxidized  would  be  the  open-chain  compound,  hydroxyhydrobo- 
dunniol,  and  hence  an  uopropyl  group  (the  source  of  the  acetone) 
must  be  at  the  end  of  the  alkyl  chain  and  is  not  linked  directly  to 
the  nucleus  as  in  dunnione.  Only  three  formulae  [(d)— (f)] 
provide  this  arrangement,  and  of  these  (f)  is  /3-lapachone,  and 


(e)  is  uo-/?-lapachone.  The  wodunniones  therefore  have  structure 
(d)  [(89)  and  (90)  see  Chart  7],  and  the  conversion  of  a-dunnione 
into  /3-bodunnione  is  thus  a  further  example  of  a  carbonium  ion 
rearrangement  in  concentrated  sulphuric  acid  solution.  The 


Me 


0 


+ 


H 


conversion  of  dunnione  directly  into  /?-«odunnione  is  much  more 

d' The'structure  of  the  trodunniones  was  confirmed  by  a  synthesis  of 
hydroxyhydrobodunniol  from  which  each  isomer  was  obtained^ 
This  was  achieved  by  Cooke  and  Somers87  as  follows:  reaction  of 
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/fyy-trimethylallyl  bromide  with  the  silver  salt  of  2-hydroxy- 1 : 4- 
naphthaquinone  gave  the  allylquinone  (92)  which  was  cyclized 
with  hydrochloric  acid  to  the  trimethyldihydropyranoquinone  (93). 


Chart  8 


The  heterocyclic  ring  was  opened  in  alkaline  solution  and  the 
product  (96)*  when  subjected  to  a  Hooker  oxidation  yielded  the 
compound  (97)  which  was  identical  with  hydroxyhydrofrodunniol 
obtained  from  natural  dunnione.  By  suitable  acid  treatment 
the  synthetic  hydroxyhydrofs'odunniol  yielded  a-  and  /Tz-rodunnione. 

Cooke  and  Somers^7  obtained  a  series  of  synthetic  compounds 
from  the  allylquinone  (92)  which  are  shown  in  Chart  8.  They 
piovide  a  close  parallel  to  the  group  of  quinones  prepared  from 
lapachol  by  Hooker  but  there  is  a  further  complication  arising  from 
the  formation  of  two  tertiary  carbonium  ions  in  acid  solution 
Cychzation  or  isomerization  of  (92),  (93),  (96)  and  (98)  in  sulphuric 
acid  can  give  two  isomeric  o-quinones  (94)  and  (95).  Brief  treat- 
ment  generally  produces  a  mixture  with  (94)  always  predominant 
and  if  the  reaction  time  is  extended  (94)  becomes  the  sole  product* 
the  more  stable  cation  is  evidently  that  in  which  the  positive  charge 
is  located  on  the  y-carbon  atom. 

rnlHU^^?ne,iS,?artlyu“!lVerted  into  ‘’"“dunnione  when  kept  in 
cold  chlu  e  alkali;  on  boiling,  the  change  is  rapid,  the  red  alkaline 

solution  becoming  yellow  in  a  few  minutes".  Acidification  then 
beiates  a  yellow  compound  which  is  isomeric  with  dunnione  but 
its  .absorption  spectrum™  and  the  colour  of  its  alkaline  solution  make 

V'"fied  by  °xidation  whh 
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it  obvious  that  the  compound  is  not  a  naphthaquinone.  As  already 
mentioned,  oxidation  with  alkaline  hydrogen  peroxide  yields 
acetaldehyde  and  an  acid  C12H1204,  whilst  a  chromic  acid  oxidation 
produces  acetone47.  From  this,  and  the  Kuhn-Roth  determinations, 
it  is  evident  that  the  isoprenoid  side  chain  of  dunnione  has  not 
suffered  disruption  during  the  alkaline  treatment  and  the  attack 
must  therefore  centre  on  the  quinone  ring.  The  compound  is  not 
acidic  but  it  can  be  dissolved  in  aqueous  sodium  hydroxide  on 
heating,  and  recovered  unchanged  on  acidification,  which  suggests 
the  presence  of  a  dihydrofuran,  dihydropyran  or  lactone  ring  in  the 
molecule.  On  these  findings  Price  and  Robinson34  proposed 
structure  (99)  foraZZodunnione  and  tentatively  suggested  the  following 
reaction  sequence: 


It  has  since  been  shown  that  ring  contraction  of  3-alkyl-2-hydroxy- 
1 : 4-naphthaquinones  to  indenonecarboxylic  acids  is  a  general 
reaction04-67,  proceeding  readily  when  the  side  chain  is  linked  to  the 
ring  by  a  tertiary  carbon  atom,  less  easily  if  the  linkage  is  at  a 
secondary  carbon  atom  and  only  very  slowly  when  primary  alkyl 
groups  are  present.  Later  work  by  Cooke  and  Somers  fully 
confirmed  the  aZZodunnione  structure.  Encouraged  by  the  obser¬ 
vation  that  the  light  absorption  of  the  indenone  ester  (100)  [an  open- 
chain  analogue  of  structure  (99)]  was  very  similar  to  that  of  alio- 
dunnione,  they  proceeded  to  synthesize  the  latter  by  rearrangeme 
of  the  dimethylallylquinone  (88)  in  boiling  alkali  to  the  indenon 
acid  (101)  from  which  DL-aZZodunnione  was  derived  by  cychzation 
in  hvdrochloric  acid,  the  reaction  taking  place  slowly  at  room 
temperature  The  same  lactone  is  obtained  by  brief  treatment  o 
the  acid  (101)  with  concentrated  sulphuric  acid,  but  if  the  sulphur 
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acid  solution  is  kept  for  a  day  before  dilution  with  water  an  isomeric 
lactone  is  formed.  Since  this  compound  yields  acetone  when 
oxidized  with  alkaline  peroxide,  it  must  be  the  isomer  (102) 
resulting  from  a  Wagner  rearrangement  of  the  intermediate 
carbonium  ion  derived  from  (101).  In  the  light  of  the  extensive 


Russian  work62- 88-91  on  the  subject  it  is  probable  that  fission  of  the 
quinone  ring  during  the  formation  of  a/Zodunnione  proceeds  through 
a  triketone  hydrate  but  whether  a  benzilic  acid  rearrangement,  or 
aldol  cleavage  and  recondensation,  follows  is  undetermined.  These 
reactions  are  of  course  the  first  stages  of  the  Hooker  oxidation. 
The  formation  of  indenone  acids  is  undoubtedly  assisted  by  the 
presence  of  a  bulky  alkyl  group  in  the  starting  quinone  and  a 
possible  explanation  of  this,  advanced  by  Fieser  and  Bader64,  is 
that  the  steiic  stiain  in  the  planar  anion  of  such  quinones  is  relieved 
by  the  formation  of  a  non-planar  hydrate  (103). 


COjH 


CMe2  CH(0H)Me 


OC02H  --^eCH(l 

v  xCOCMe, 


CO 


CH(0H)Me 


For  the  acid  obtained  by  oxidation  of  aZZodunnione  Price  and 
Robinson34  pu,  forward  structure  (104)  which  could  t  forme d as 
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shown  above,  the  acetaldehyde  arising  by  a  reversed  aldol  reaction 
and  not  by  direct  oxidation.  A  more  recent  oxidation  of  the  indenone 
acid  (105),  under  the  same  conditions  as  those  used  for  the  oxidation 
of  a/Zodunnione  (but  omitting  the  final  distillation),  gave  the 
Zraiw-diol  (105a)64.  A  similar  diol  may  be  formed  in  the  reactions 
leading  to  (104)  but  until  more  experimental  support  is  obtained 
the  lactone  acid  structure  remains  tentative. 

Diosquinone  (106),  C10H6O3,  orange-red  needles,  m.p.  198-199° 


006) 


Diospyros  tricolor  Hiern  ( Ebenaceae )  is  a  small  shrub  found  in  tropical 
Africa  which  is  used  there  in  the  treatment  of  leprosy  and  for  other 
purposes.  It  was  recently  examined  by  Paris  and  Prista297  who 
isolated  two  pigments  from  the  bark,  at  least  one  of  which,  the  major 
component,  is  a  naphthaquinone.  The  new  quinone  has  the 
formula  CjgHgC^,  gives  a  violet-red  colour  in  alkaline  solution  and 
yields  naphthalene  on  zinc  dust  distillation.  There  is  one  active 
hydrogen  atom.  From  its  ultra-violet  spectrum  (Amax  at  2j0,  325 
and  430  m/u  in  ethanol)  it  is  clearly  a  /3-naphthaquinone,  which  is 
in  agreement  with  its  colour,  lack  of  steam  volatility  and  solubility 
in  aqueous  sodium  bisulphite  solution,  and  is  confhmed  by  the 
formation  of  a  quinoxaline  derivative.  The  colour  reactions  with 
nickel  and  copper  acetate  are  very  similar  to  those  given  by  juglone, 
indicating  that  the  hydroxyl  group  is  situated  pen  to  a  carbonyl 
group,  and  furthermore  it  gives  a  positive  test  with  boroacetic 
anhydride85.  These  results  show  that  diosquinone  has  the  structure 
(106)  and  it  may  be  noted  that  the  oxime  (decomp.  180-182°,  after 
darkening  from  170°)  corresponds  to  2-nitroso-  l :  8- -dihydroxy- 
naphthalene  prepared  by  Heller  and  Kretzschmann  .  e  ie  e 
acetylation  product  also  corresponds  in  melting  point  (153  15  ) 

to  that  obtained  from  juglone491.1!6  which  has  been  shown  99  to  be 
a  mixture  of  1 :  2:4:5-  and  1 :  3 : 4 : 5-tetra-acetoxynapthalenes. 

1 : 4-Naphthaquinones  have  been  found  in  other  Diospyros 
species  and  the  second  pigment  isolated  from  D.  tricolor,  a  ye  ow 
substance,  m.p.  243-245°,  may  belong  to  this  group. 
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Juglotie  (nucin,  regianin)  (107),  C10H6O3,  orange  needles,  m.p. 
164-165°*. 


0 


(107) 


Although  the  occurrence  ofjuglone  in  the  walnut  has  been  known92 
for  a  century,  the  precise  form  in  which  it  exists  has  only  been 
established  recently102.  It  has  been  found  in  the  following  Juglan- 
daceae ;  Juglans  regia  Linn.,  J.  nigra  Linn,  and  J.  cinerea  Linn,  and 
Carya  olivaeformis  Nutt.,  Pterocarya  caucasica  C.A.  and  Pt.  stenoptera 
C.DC.  A  study93  of  the  seasonal  variation  in  concentration  in 
different  parts  of  the  walnut  tree  ( J .  regia)  has  shown  that  the 
highest  concentration  (<8  per  cent)  occurs  in  the  male  catkin  buds 
in  the  dormant  winter  state  but  in  practice  it  is  most  convenient  to 
isolate  the  quinone  from  green  walnut  shells  by  extraction  with  cold 
ether.  The  crude  extract  may  then  be  treated  with  chromic  acid94, 
to  ensure  complete  oxidation  of  the  hydrojuglone,  or  it  may  be 
purified  via  the  nickel  complex95.  As  the  intense  violet  colour 
obtained  with  nickel  salts  is  detectable  at  a  concentration  of  6  p.p.m. 
juglone  has  been  suggested  as  a  spot  reagent  for  this  metal120. 

Juglone  forms  an  acetate  and  a  dioxime  and  its  structure  (107) 
was  deduced  by  Bernthsen  and  Semper  from  their  observations 
that  oxidation  with  alkaline  hydrogen  peroxide  gave  3-hydroxy- 
phthalic  acid109  whilst  a  zinc  dust  degradation  afforded  naph¬ 
thalene110.  This  was  confirmed  synthetically  by  oxidizing  1 :  5- 
dihydroxynaphthalene  with  a  mixture  of  potassium  dichromate 
and  sulphuric  acid109.  The  yield  is  low  and  on  a  small  scale  it  is 
better  to  oxidize  1 : 5-  or  1 :  8-dihydroxynaphthalene  with  Fremv’s 


Juglone  does  not  occur  as  such  in  walnut  tissues,  which  caused 
some  confusion  in  the  early  literature.  Mylius96  believed  that 
juglone  was  present  in  all  green  parts  of  the  nlant  in  a 
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suggcsted  that  the  hydrojuglones  might  exist  as  inositol  glycosides 
but,  as  the  colouring  matter  is  easily  isolated  from  walnut  tissues 
merely  by  extraction  with  cold  solvents,  Brissemoret  and  Combes97-95 
maintained  that  juglone  existed  in  the  free  state,  the  hydrojuglone 
found  in  dried  plant  material  being  formed  by  the  action  of 
reducing  substances.  The  glycoside  hypothesis  was  revived  later  by 
Tunman  and  Rosenthaler98  but  again  without  experimental 
support.  Finally,  by  careful  extraction  with  cold  dilute  aqueous  or 
alcoholic  hydrochloric  acid  a  glucoside*  of  a-hydrojuglone  was 
isolated  in  two  laboratories99-100  and  Daglish"  showed,  by  a 
spectroscopic  examination  of  extracts  from  various  parts  of  the  plant, 
that  juglone  and  the  isomeric  hydrojuglones  were  absent.  The 
glucoside  is  very  susceptible  to  oxidation  and  hydrolysis  which 
misled  the  early  workers.  On  triturating  green  walnut  shells  with 
sand  and  water  the  odour  of  juglone  is  soon  apparent.  A  phenol 
oxydase  has  been  isolated  from  the  aqueous  extract  and,  when  this 
is  introduced  to  an  aqueous  solution  of  hydrojuglone  glucoside, 
crystals  of  juglone  appear  after  a  time100.  Mylius96,  it  is  true,  took 
precautions  against  oxidation  but  at  one  stage  in  his  isolation 
procedure  the  extract  was  boiled  with  dilute  acid  stannous  chloride 
which  would  both  hydrolyse  the  glucose  residue  and  convert  part 
of  the  a-hydrojuglone  into  the  /5-isomer  (see  below). 

From  the  reducing  properties  and  light  absorption  of  the  glucoside, 
Daglish99  formed  the  opinion  that  the  sugar  residue  was  attached 
at  position  5  and  Ruelius  and  Gauhe100  reached  the  same  conclusion 
on  the  basis  of  the  following  reactions.  The  glucoside  was  converted 
into  a  dimethoxynaphthol  by  methylation  with  diazomethane  and 
removal  of  the  glucose  moiety,  and  the  identical  naphthol  was  also 
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MeO  OH 


OH 


MeO  OMe 


OH 


HO  OC6H„06 


(108)  (109) 


(110)  (HD 


obtained  from  juglone  acetate  by  catalytic  hydrogenation,  followed 
by  methylation  (diazomethane)  and  hydrolysis.  It  should  therefote 
have  the  structure  (108)  from  which  it  follows  that  the  glucose 
residue  in  the  natural  product  occurs  at  position  5.  However  this 
is  not  the  case.  1 : 4-Dimethoxy-5-naphthol  was  prepared  by 


.  Rue, ins  and  Gauhe-  oblained  prisms  »  p. .2  It W-JJ  £«£ 
isolated  by  Daglish  was  amorphous  and  had  m.p.  165  (deco  p.)  P 

were  converted  into  the  same  dimethoxynaphthol  (1U9). 
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Asano  and  Hase101  by  an  unambiguous  route  and  is  different  from 
the  naphthol  obtained  by  Ruelius  and  Gauhe.  When  the  latter 
compound  was  oxidized  with  chromium  trioxide  in  acetic  acid  it 
yielded  juglone  methyl  ether  and  this  reaction  could  be  reversed  by 
catalytic  hydrogenation  of  juglone  methyl  ether  followed  by 
methylation  with  diazomethane102.  This  naphthol  must  therefore 
be  either  (109)  or  (110)  and  as  1 :  8-dihydroxynaphthalene  forms 
only  a  monomethyl  ether  with  diazomethane103,  structure  (110) 
can  be  discarded.  The  naphthol  previously  regarded  as  (108)  has 
consequently  structure  (109)  and  hence  the  natural  product  is 
a-hydrojuglone-4-^-D-glucoside  (111).  A  synthesis  has  been 
claimed  by  Daglish104,  who  obtained  the  glucoside*  by  reaction  of 
acetobromoglucose  with  juglone  and  also  with  each  hydrojuglone 
isomer,  but  this  provides  no  structural  proof102. 

The  formation  of  the  naphthol  (109)  from  juglone  acetate  involves 
an  unusual  migration  reaction  at  the  methylation  stage  since 
treatment  of  the  acetate  (112)  with  diazomethane  in  the  normal 
way  gives  (113).  Phenolic  O-acetyl  groups  can  be  displaced  by 
reaction  with  diazomethane  in  the  presence  of  water  to  give  methyl 
ether  s10j  and  apparently  in  this  case  the  />m-hydroxyl  group  of  (112) 


takes  the  place  of  water.  Similar  migrations  (of  acetyl  benzoyl 
and  ethoxycarbonyl  groups)  haye  been  observed™6  in  derivative! 
o  anthiaqu. none  and  acetophenone  containing  adjacent  hydroxyl 

methaneegi”(n5)at,°cieaf  a'izarfin-2'acetate  O'*)  with' diazo- 

genera,  reltion' -  thici  muft  be  is  a 

reagent.  b  kept  in  mind  when  using  this 


The  isomeric  hydrojuglones  were  the  first  pair  of 
*  The  product  had  m.p.  178“  (decomp.).  C/.  footnote  on  p.  92 
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keto-enol  tautomers  to  be  isolated  although  the  nature  of  the 
/Tform  was  not  recognized  for  many  years.  Both  isomers  form  the 
same  triacetate  and  tribenzoate  but,  whereas  the  a-compound  is 
easily  oxidized  to  juglone  and  is  obviously  (116),  /S-hydrojuglone 
is  not  a  quinol.  The  formation  of  monocarbonyl  derivatives 
revealed  its  ketonic  character  and  structures  of  the  type  (118)  and 
(119)  were  postulated112.  Later,  Zahn  and  Ochwat113  suggested 
the  diketo  formula  (117)  which  was  confirmed  by  spectroscopic 
evidence114.  The  ultra-violet  absorption  curve  is  similar  to  that  of 
the  dichloride  (120)  whilst  the  infra-red  spectrum  shows  two 
carbonyl  bands  but  no  hydroxyl  band  in  the  3/j,  region  (normal 
absorption  of  the  5-hydroxyl  group  is  suppressed  by  intramolecular 
hydrogen  bonding).  /THydrojuglone  is  best  prepared  by  distillation 
of  the  a-isomer  in  vacuo ;  it  enolizes  rapidly  in  alkaline  solution  and 
the  a-form  is  obtained  on  acidification.  In  hot  aqueous  solution* 
an  equilibrium  mixture  is  formed  from  which  the  /Lisomer  can  be 
extracted  with  chloroform.  More  conveniently,  juglone  may  be 
reduced  by  refluxing  with  acid  stannous  chloride  to  give  a  mixture 
of  the  two  tautomers;  if  certain  substituents  (OH,  halogen,  NHR, 
SR)  are  present  in  the  quinone  ring  they  are  eliminated  during  the 
reduction  and  the  same  product  is  obtained  in  all  cases115. 


0 


Juglone  and  its  derivatives  take  part  in  the  usual  quinonoid 
addition  reactions,  the  benzenoid  substituent  exerting  a  marked 
orientating  influence.  As  the  compound  is  unsymmetiical,  1. 
addition  to  the  quinone  system  should  give  two  isomers  but  in 
nractice  one  isomer  predominates  and  is  frequently  the  sole  product 
isolated.  Interesting  effects  are  produced  when  the  hydrogen  bonded 
*  A  reducing  agent  is  desirable  to  prevent  oxidation  of  the  a-form. 
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hydroxyl  group  is  acetylated.  Thus  the  addition  of  toluene-/>-thiol 
to  juglone  yields  3-/>-tolylthiojuglone  (121)  whilst  the  same  reaction 
with  juglone  acetate  gives  2-/>-tolylthiojuglone  acetate  (122)116. 
Another  example  is  the  formation  of  2-anilino-3-chlorojuglone  (123) 


(123) 


(124) 


by  the  action  of  aniline  on  2 : 3-dichlorojuglone  whereas,  if  the  latter 
is  acetylated  before  reaction  with  aniline,  the  product  is  3-anilino-2- 
chlorojuglone  acetate^)11?.  These  orientation  effects  are 
connected  with  the  strong  hydrogen  bond  in  the  juglone  molecule 
Phis  should  augment  the  mesomeric  shift  indicated  in  formula(125) 
leading  to  preferential  nucleophilic  attack  at  C-2.  In  alkaline 
solution,  nucleophilic  reactions  take  place  exclusively  at  C-3,  e  g 


ifflmsen2tc°h,oSro'3d;Chl,0r0jUSl0,ne  WUh  aqUC0US  SOdium  hydroxide 
anords  2-chloro-3-hydroxyjugIone  and  aeration  of  an  alkaline 

olution  of  juglone  introduces  a  second  hydroxyl  group  at  C  3 

These  reactions  can  be  interpreted™  as  ' follows  !n  a  IV  V 

2^,5  r„rdbor  cTcpa  rci 

influence  on  the  quinonoid  d^btTA^,  tug"? 
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directive  effect  will  account  for  the  nucleophilic  reactions  of  the 
acetate  (127).  In  thiol  (and  sulphinic  acid)  additions  the  orientation 
is  different  from  that  found  in  nucleophilic  reactions,  indicating  a 
change  in  mechanism.  Radical  addition  of  thiols  to  double  bonds 
is  well  established  and  probably  operates  in  the  case  of  juglone  and 
its  acetate  but  both  aniline  and  toluene-/>-thiol  react  with  juglone 
methyl  ether  to  give  a  3-substituted  quinone  as  the  sole  product119. 

Finely-powdered  juglone  is  an  effective  sternutator  and  has  a 
purgative  action.  It  stains  the  skin  a  dark  yellow-brown  and  will 
dye  wool;  the  husks  and  inner  bark  of  the  walnut  tree  appear  to 
have  been  used  for  this  latter  purpose  whilst  its  poisonous  character 
has  been  known  for  centuries.  Juglone  is  generally  regarded  as  the 
toxic  principle  and  this  property  has  been  exploited  in  various 
ways  from  the  catching  of  fish121  to  the  treatment  of  ringworm122. 
Pliny  recorded  that  walnut  trees  were  poisonous  to  surrounding 
plants  and  this  still  raises  occasional  problems  in  American  horti¬ 
culture  as  shown  by  reports123  of  the  wilting  and  death  of  tomatoes, 
alfalfa,  cabbages  and  other  plants  growing  in  the  neighbourhood  of 
walnut  trees.  This  seems  to  occur  when  the  roots  of  the  affected 
plants  are  in  direct  contact  with  those  of  the  tree. 

1  -Methyljuglone  (128),  CnH803,  orange-red  prisms  or  needles,  m.p. 
125.5-126.5°  (in  Pyrex  glass) 

0 

028) 


Two  methyljuglones  are  known  in  Nature.  Plumbagin  (t  e 
2-methyl  derivative)  occurs  in  several  Plumbago  species  and  has 
recently  been  isolated  from  members  of  the  Diospyros  genus 
(Ebenaceae).  One  species  D.  ebenum  Koen,  a  small  tree  found  on 
the  tropical  coast  of  Queensland  and  the  islands  to  the  north,  has 
loxic Trerdes  ,-eminiscen,  of  the  walnut.  Webb-’  has  recorded 
that  the  fresh  fruits  have  been  used  as  a  fish  poison  by  th^bongmes 
and  the  plant  has  been  suspected  of  po.sonmg  livestock.  The 
presence  oPf  plumbagin  (a  known  vesicant)  in  D.  ebenum  was  therefore 

su^pect^d?^  Examination  revealed125  not  only  Pig^b^pj^  orientation 
new  isomer  ( 1 28)  and  its  reduction  product  (129).  1 
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of  the  substituents  in  the  quinone  (128),  is  common  to  a  number 
of  naturally  occurring  anthraquinones  but  has  not  been  found 
hitherto  in  the  naphthaquinone  series.  The  isolation  of  the  diketone 
(129)  is  the  first  authentic  example  of  the  natural  occurrence  of  a 
‘/3-hydronaphthaquinone’  and  is  a  measure  of  the  stability  of  these 
tautomeric  diketones.  The  three  products  were  obtained  by  extrac¬ 
tion  of  the  plant  material  with  cold  ether,  the  components  isolated 
varying  with  the  season.  The  bark,  and  some  leaves  and  fruits 
yielded  plumbagin,  fresh  leaves  and  some  fresh  immature  fruits  gave 
the  diketone  and  one  sample  of  leaves,  containing  no  plumbagin, 
provided  the  quinone  (128).  The  latter  was  also  formed  when 
fresh  sliced  fruit  was  exposed  to  the  air. 

The  diketone  forms  a  triacetate  and  a  trimethyl  ether  with 
methyl  sulphate  although  it  does  not  react  with  diazomethane. 
It  resembles  /Miydrojuglone  and  /3-hydroplumbagin  in  its  general 
character  and  their  absorption  spectra  are  very  similar.  On 
treatment  with  ferric  chloride  it  enolizes  and  oxidizes  to  a  quinone 
identical  with  that  isolated  from  the  plant.  This  compound, 
from  its  colour  reactions  and  light  absorption,  was 
obviously  a  methyljuglone  and  the  location  of  the  methyl  group  was 
established  by  a  synthesis  of  1 :  4: 5-trimethoxy-7-methylnaphthalene 
which  was  identical  with  the  trimethyl  ether  obtained  from  the 
diketone.  The  latter  has  therefore  the  structure  (129)  and  the 
quinone  must  be  7-methyl-juglone  (128).  The  following  year, 
Cooke  and  Dowd126  confirmed  these  structures  by  synthesis. 
Condensation  of  4-chloro-3-methylphenol  with  maleic  anhydride 
in  a  sodium  chloride-aluminium  chloride  melt  gave  8-chloro-5- 
hydroxy-7-methyl- 1 : 4-naphthaquinone  from  which  the  chlorine 
atom  was  then  removed  by  hydrogenolysis  of  the  /^triacetate. 
Hydrolysis  and  oxidation  then  gave  the  quinone  (128),  and  its 
quinol,  on  fusion  in  vacuo,  isomerized  to  form  the  diketone  (129) 
identical  with  the  natural  product. 


Plumbagin  (130),  CnH803,  orange  needles,  m.p.  77° 


£=  1ST  X  t  SSZTSS  src 
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isolated  by  Dulong120  from  P.  europaea  Linn,  in  1828  since  when 
it  has  been  found  also  in  P.  rosea  Linn.129*,  P.  zeylanica  Linn.130,  and 
P.  pulchella  Boiss131.  The  same  quinone  occurs  in  various  sundews 
(. Droseraceae )  in  particular  in  D.  rotundifolia  Linn.132f  >133,  D.  intermedia 
Hayne134,  D.  peltata  Sm.  (together  with  droserone)135  and  D.  binata 
Labill.133aJ  Recently  plumbagin  has  been  found  in  the  Ebenaceae:  in 
Diospyros  maritima  Blume138,  D.  xanthoclamys  Giirke139,  D.  mespili- 
formis  Hochst.139  and  in  the  bark  of  D.  ebenum  Koen125  (with 
7-methyljuglone),  and  the  same  pigment  has  been  isolated  from 
Babink  or  Babini  roots140,  an  unidentified  plant  found  in  Eastern 
Anatolia. 

A  hundred  years  elapsed  after  the  first  isolation  of  plumbagin 
before  structural  investigations  were  begun.  Its  quinone  structure 
and  the  presence  of  a  phenolic  hydroxyl  group  were  then  recognized 
in  two  laboratories141-142  and  2-methylnaphthalene  was  obtained  by 
zinc-dust  distillation142.  Less  happy  results  were  achieved  by 
oxidative  degradation.  The  claim142  to  have  obtained  cinnamic 
acid  by  an  alkaline  permanganate  oxidation  is  most  improbable, 
whilst  oxidation  with  alkaline  hydrogen  peroxide,  which  does  in 
fact  yield  3-hydroxy phthalic  acid133b,  was  assumed  initially  by 
Madinaveitia  and  Gallego141  to  give  a  methylhydroxyphthalic  acid§. 
Nevertheless  these  workers  established  the  correct  moleculai 
formula,  CnH803,  and  on  the  basis  of  its  colour  reactions  with 
copper  and  nickel  salts  they  regarded  plumbagin  as  a  methyljuglone. 
An  isomeric  compound  was  prepared  by  Saenz  de  Buiuaga 
chromic  acid  oxidation  of  8-acetoxy-2-methylnaphthalene  but  as 
the  structure  of  the  naphthalene  intermediate  was  not  established 
at  that  time  his  assumption  that  the  product  wa*2-methyl-8- 
hvdroxy-1 :  4-naphthaquinone  was  questionable.  The  following 
year  plumbagin  itself  was  synthesized  in  the  same  laboratory  by 
oxidation  of  2-methyl-naphthalene  with  Caro’s  acid^  Tins  again 
is  ambiguous  but  carried  identification  a  stage  further.  As  plumbag 
forms  a  chloroform-soluble  copper  complex  and  gives  a  brilliant  led 

confusingC^i7'plain  awithWC^&"to*yforI  t0ser/>entinwn 

BT«cf ? 

uX.u*a.efy  “hTeS,  is  s.ill  used  loosely  by  pharmacist,  lo  describe  Imclures 
obtained  from  various  Dtosctd  species  .  .  T-T  O  m  n  107—108° 

nVln7p2“°f £  fiSttat  thermal  ysis  ofi.s  po.assium  salt  was  in  good  agreement 
with  C8H505K. 
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coloration  with  boroacetic  anhydride  a  peri-hydroxyl  group  must 
be  present  and  the  colouring  matter  should  thus  be  5-  or  8-hydroxy- 
2-methyl-l :  4-naphthaquinone.  By  an  unambiguous  synthesis  of 
both  isomers,  Fieser  and  Dunn145  finally  established  its  structure. 
Plumbagin  was  obtained  by  condensing  m-toluoyl  chloride  with 
diethyl  acetylsuccinate  to  give  (131)  which  was  hydrolysed  to  the 
keto-acid  (132).  This,  after  Clemmensen  reduction  was  cyclized  to 
the  tetralone  (133),  dehydrogenated  and  the  resulting  naphthol 
acetate  oxidized  with  chromium  trioxide.  Shortly  afterwards, 


Dietei  le  and  Kruta166l)  completed  another  synthesis  starting  from 
2-methyl- 1 : 5-dinitronaphthalene.  This  was  converted  in  stages  to 
2-methyl- l-amino-5-naphthol  from  which  plumbagin  was  obtained 
by  oxidizing  the  hydrochloride  with  hydrogen  peroxide  in  acetic 
acid.  Plumbagin  has  since  been  obtained  from  juglone  by  intro¬ 
ducing  a  blocking  substituent  at  position  3  which  could  be  subse¬ 
quently  removed  after  introduction  of  the  methyl  group  at  position  2. 
Thus  leaction  of  3-chlorojuglone  with  acetyl  peroxide  gave  (134) 
which  afforded  (135)  when  treated  with  thioglycollic  acid  and  the 
synthesis  was  completed  by  hydrogenolysis  with  Raney  nickel146. 


Js&sz.-  tafass  as  r 

oTu~SaffIc^e^  r°°tS-  T1r.  h“  rtifalg 

produces  blisters  very  readily StamS  ^  Skin  and 

y  reaany  .  £>.  mantima  Blume,  one  source 
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of  plumbagin,  is  known  to  be  poisonous  and  the  sap  of  the  tree  is 
vesicant148.  The  fruits  of  other  Diospyros  species  are  used  as  fish 
poisons  in  West  Africa  and  the  East  Indies.  In  India,  Plumbago 
root  is  known  as  the  drug  Chita  or  Chitraka  said  to  ‘increase 
digestive  power,  to  promote  the  appetite  and  to  be  useful  in 
dyspepsia,  piles,  anasarca,  diarrhoea,  skin  diseases  etc.’  The  ‘etc.’ 
was  apparently  broad  enough  to  include  leprosy  and  plague.  In 
Malaya  and  Siam  the  following  instructions  are  recorded  for 
producing  abortion:  ‘chew  the  roots  for  seven  days  morning  and 
evening,  along  with  betel  nut,  and  the  desired  result  will  follow’150. 
On  the  other  hand  chewing  Plumbago  root  is  said  to  be  effective  in 
the  relief  of  toothache  which  has  earned  it  the  French  title  ‘dente- 
laire’172.  Extracts  of  Drosera  species,  for  the  treatment  of  whooping 
cough,  still  find  a  place  in  modern  pharmacopeia171.  A  novel 
exploitation  of  the  vesicant  properties  of  plumbagin  has  recently 
been  reported  from  Turkey140.  If  a  paste  of  Babink  roots  is  applied 
to  the  skin,  a  deep  purple  stain  is  produced,  indistinguishable 
from  a  bruise.  By  this  means  false  evidence  of  assault  and  battery 
can  be  produced  and  cases  of  alleged  violence  have  caused  the 
local  authorities  concern.  At  the  instigation  of  the  police  an 
examination  of  the  roots  was  carried  out  which  led  to  the  isolation 
and  identification  of  plumbagin.  The  same  purple  mark  is  pro¬ 
duced  by  the  crystalline  material  accompanied  by  considerable 
pain  and  followed  later  by  vesication140. 


Droserone  (136),  CuH804,  yellow  needles,  m.p.  181° 


0 


0 

036) 


.  ,,  • _ *  hv  Rennie152  from  one  of 


by  thel^nited  amount  of  material  avai.able.  He  determined  the 
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molecular  formula,  CuH804,  prepared  a  diacetate  and  showed  that 
oxidation  with  acid  dichromate  yielded  acetic  acid,  the  amount 
corresponding  to  the  presence  of  one  methyl  group  in  the  droserone 
molecule.  From  this  and  other  evidence,  and  similar  data  obtained 
for  hydroxydroserone,  Rennie  formed  the  opinion  that  droserone 
and  hydroxydroserone  were  di-  and  trihydroxy-methylnaphtha- 
quinones  respectively.  There  the  matter  rested  until  investigations 
were  continued  forty  years  later  by  Macbeth  and  his  co-workers 
in  the  same  laboratory.  They  observed155  that  droserone  formed 
a  /ttonoboroacetate  and  a  wowopyridine  salt  indicating,  respectively, 
the  presence  of  one  />m’-hydroxyl  group  and  one  acidic  hydroxyl 
group  in  the  quinone  ring.  Having  proved156  that  hydroxydroserone 
was  3:5: 8-trihydroxy-2-methyl- 1 : 4-naphthaquinone,  droserone  then 
appeared  to  be  either  (136)  or  (137).  Considerable  support  for 


these  alternatives  came  from  the  discovery155  that  the  light  absorp¬ 
tion  of  droserone  closely  resembled  that  of  ‘hydroxyiuglone’  and 
the  spectra  of  the  two  diacetates  were  also  very  similar.  The 
hydroxyj uglone  m  question  eventually  proved  to  be  3-hydroxy- 

3US5-Hnh  o  WaS  C-methy)ated  with  acetyl  peroxide 

}  y  roxy-2-methyl-l :  4-naphthaquinone  was  obtained157 
identical  with  droserone.  The  other  isomer  (137)  was  prepared  by 

synTestonTs? “T  °f  2'!,^r“»Uglone-  %  “  independent 

be  the  isomer  ^  Sh°Wed  that  droserone  must 

omei  (136)  which  they  confirmed  svntheticallv  pi„mk 

was  converted  into  droserone  by  oxMation^SS^^dSS 

m  aqueous  barium  hydroxide158  an  A  i  -n  •  f  ^en  Peroxicle 

subsequent  hydrolys^^he 

"lSo0nePrePcreH  ^  C0°ke  3nd  S^1118  carting  from  Wt,^ 

by  hydrolysis  of  qu^eT'M^'vr*  [°"OWed 

of  this  with  acetvl  ^  e  (138).  C-Methylation 

to  (137)  whereas  introduction' of 0™^?  v™  °f  ‘he  Pr°duCt  led 
peroxide,  followed  bv  a  Honker  -a  •  '  SIQup  using  propionyl 

Yielded  droserone  °X‘datlon  and  final  ^ethylation, 
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Hydroxydroserone  (139),  CnH805,  red  plates,  m.p.  192-3° 


0 

(139) 


Hydroxydroserone  occurs  together  with  droserone  in  D.  Whittakerii 
Planch.  As  already  mentioned  Rennie152  regarded  it  as  a  trihydroxy- 
methylnaphthaquinone  but  he  found  little  direct  evidence  for  the 
naphthaquinone  structure.  This  was  provided  by  Macbeth  and 
his  co-workers154  who  concluded  from  a  comparison  of  the  ulti  a- 
violet  absorption  spectra  of  hydroxydroserone  and  various  othei 
naphthaquinones,  that  the  natural  pigment  was  a  deiivative  of 
naphthazarin  (5 : 8-dihydroxy- 1 : 4-naphthaquinone)  probably  fully 
substituted  in  one  ring  as  in  structure  (139).  Their  view  was 
supported155  by  the  formation  of  a  bisboroacetate  which  confirmed 
the  presence  of  two  peri- hydroxyl  groups,  a  monopyridine  salt 
showing  that  the  third  hydroxyl  group  was  distinctly  acidic  and 
hence  located  in  a  quinone  ring,  and  by  the  facile  formation  of  a 
nitrogeneous  compound  C12H,04N2(0Me)  (presumably  (141)  ora 
tautomeric  form)  by  addition  of  diazomethane  and  simultaneous 
methylation  of  the  free  hydroxyl  group  which  revealed  the  existence 
of  an  unsubstituted  quinone  ring.  Diazomethane  will  add  to  a 


CH— C. 

If  J 
CH— C 


quinonoid  double  bond  forming  an  induce  i  tnere  .  - 

stituents  present  and  tautomenzation  of  (139)  to  (140)  wou 
provide  such  a  structure.  As  very  little  data  could  be  obtained  by 
dpcrr'idative  experiments  it  was  essential  to  establish  stiucture  (  ) 

hydroxide200. 
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Tautomerism  of  the  type  shown  occurs  generally  in  the  naphtha- 
zarin  series  and  is  convincingly  demonstrated  by  the  formation  of 
the  identical  compound  on  condensing  either  maleic  anhydride 
with  toluquinol,  or  citraconic  anhydride  with  quinol.  The  colour 
reactions,  light  absorption  and  reduction  potential  of  hydroxydro- 
serone  all  indicate  that  it  exists  predominantly  in  the  form  (139). 
The  yellow  compound  which  Rennie  obtained  by  reduction  of 
hydroxydroserone  with  acid  stannous  chloride  is  probably  the 
diketone  (142)  (similar  compounds  are  formed  by  reduction  of 


(142)  (143) 

methyl-  and  hydroxy-naphthazarin115)  and  the  corresponding 
yellow  compound  obtained  in  solution  by  reduction  of  droserone 
would  be  /5-hydroplumbagin  (143) 

Eleutherin  (144),  C16H1604,  yellow  rods  m.p.  175°,  [altf  +  346° 
(chloroform) 

iso  Eleutherin,  yellow-orange  needles,  m.p.  176-177°,  [a]f£  —  46° 
(chloroform) 


J!';,  red  *ubers  of,the  iris_like  p|an'  Elmtherim  bulbosa  (Mill  )  Urb 
treatment  rf  *  pUrSati-  “d  ^tic,and  fo,  the 

quinones  of  a  new  type.  1  stereoisomenc 

Eleutherin,  C16H1604,  is  unstable  in  hot  acids  ind  aii.  r  t 
contains  one  methoxy,  and  two  C-methyl  groops^behlv^as  a 
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quinone  on  reduction,  and  since  it  is  devoid  of  ketonic  properties  and 
has  no  active  hydrogen  atoms,  an  ether  linkage  must  account  for 
the  fourth  carbon  atom.  Its  ultra-violet  absorption  spectrum  shows  a 
close  resemblance  to  that  of  juglone  methyl  ether  which  agrees  with 
the  formation  of  3-methoxyphthalic  acid  (in  addition  to  acetaldehyde) 
on  oxidative  degradation.  It  was  remarkable  therefore  that 
reductive  acetylation  of  eleutherin  by  the  standard  procedure  gave 
only  a  /m:oeleutherin  mono-acetate,  and  similar  reductive  alkylations 
gave  alkali-insoluble  /oncoeleutherin  monomethyl  (and  ethyl)  ethers. 
These  reduction  products  are  cryptophenols  and  can  only  be 
acylated  and  alkylated  under  vigorous  conditions.  They  do  not 
react  with  diazomethane.  An  attempt  to  obtain  information 
concerning  the  substituents  in  the  quinonoid  ring  by  oxidative 
degradation  of  /mroeleutherin  dimethyl  ether  met  with  failure, 
because  preferential  oxidative  demethylation  regenerated  eleutherin 
which  in  turn  was  oxidized  to  3-methoxyphthalic  acid.  This 
difficulty  was  surmounted  by  hydrogenation  of  kwcoeleutherin 
monomethyl  ether,  using  a  platinum  catalyst  in  glacial  acetic 
acid,  when  three  moles  of  hydrogen  were  absorbed  with  the  con¬ 
current  elimination  of  a  methoxyl  group.  As  similar  tetrahydro- 
desmethoxy  derivatives  were  obtained  by  hydrogenation  of  leuco- 
eleutherin  and  its  monoethyl  ether  and  monoacetate,  there  could  be 
no  doubt  as  to  which  ring  had  been  saturated,  and  when  the  product 
from  the  monoacetate  was  hydrolysed  and  converted  into  its 
dimethyl  ether,  a  permanganate  oxidation  then  gave  1 : 4-dimethoxy- 
pyromellitic  acid  (147).  It  follows  that  eleutherin  is  a  2 : 3-disubsti- 
tuted  juglone  methyl  ether  which  can  be  expressed  as  (145)  whilst 


0 


0 

(145) 


OMe 


H02C 

ho2c 


OMe 

^COjH 

s/COjH 

OMe 


(146) 


(147) 


the  partial  formula  (146)  represents  the  product  which  was 

^Eleutherin'  is^not  attacked  by  perphthalic  acid  This  indicates 
the  absence  of  a  carbon-carbon  double  bond  in  the  side -  chain 

Thha: 
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atoms  (see  below)  and  account  for  the  formation  of  acetaldehyde 
on  oxidation  are 


and  it  became  possible  to  distinguish  between  these  after  examination 
of  the  colourless,  optically  active,  product,  C16H1803,  obtained 
when  eleutherin  was  subjected  to  Clemmensen  reduction.  This 
substance  was  allotted  the  furan  structui'e  (148)  for  the  following 


reasons,  it  behaved  as  a  cryptophenol,  gave  3-methoxyphthalic 
acid  (but  no  acetaldehyde)  when  ozonized  in  ethyl  chloride  at  —20° 
and  like  eleutherin  itself,  it  was  converted  into  a  tetrahydrodes- 
methoxy  derivative  by  catalytic  hydrogenation.  On  treatment  with 
perphthalic  acid  in  chloroform  it  was  slowly  oxidized  to  a  yellow, 
crystalline,  optically  active,  hydroxyquinone  (149)  which,  on 
treatment  with  chromic  acid  gave  the  ketoquinone  (150).  The 
latter  is  isomeric  with  eleutherin  and  is  termed  ^-eleutherin. 
1  he  structure  of  its  side  chains  was  established  by  ozonolysis  which 
gave  propionic  acid  together  with  acetone  and  acetic  acid,  these 
two  being  hydrolysis  products  from  the  intermediate  acetoacetic 
acid  y-Eleutherm,  in  contrast  to  all  the  other  derivatives  of 
eleutheiin,  is  not  optically  active.  The  loss  of  optical  activity  in 
passing  from  (149)  to  (150)  shows  that  the  second  methyl  group  in 

a  tached  me  lT  f,8!'1™"1™  is ,not  at  C-'2(a)  and  is  fherefore 
at  C  51  E,euther>n  is  thus  (144)  (or  the  isomer  with  OMe 

(  481  bv  He  COnVe,'S1°n  of  eleutherin  into  the  furan  derivative 
(148)  by  Clemmensen  reduction  probably  proceeds  by  fission  of  the 

tdy,tT5nnannSd°ffi,h1  ‘Z°  -P-^cyclization  of  the  “nter- 
)  nal  l eduction  of  the  benzyl  alcohol  (152) 
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The  furan  compound  (154)  which  lacks  the  ethyl  group,  was 
obtained  as  a  by-product  in  the  Clemmensen  reduction,  and  Schmid 
and  his  colleagues  suggested161  that  this  may  arise  by  a  reversed 


(152) 

If 


°~Me 

054) 

aldol  elimination  of  acetaldehyde  from  the  hydroxyketone  (153), 
the  tautomeric  form  of  (152). 

Finally,  the  position  of  the  methoxyl  group  (C-5  or  C-8),  was 
determined  by  a  Clemmensen  reduction  of  /^Hcoeleutherin  mono¬ 
methyl  ether.  This  gave  a  mixture  of  products,  the  main  one  being 
the  naphthol  (155)  (identified  by  oxidation  to  the  quinone  (149) 


o 


OMe 


056) 


with  lead  tetra-acetate)  which  could  obviously  arise  from  stiuctme 
(144)  whereas  the  furan  derivative  (156),  which  would  be 
if  the  methoxyl  group  in  eleutherin  were  at  C-5  could  no  be 
detected.  Eleutherin  has  therefore  the  formula  (144)  .  is  now 

evident  that  the  rather  unreactive  hydroxyl  group  in  fcucceleutheri 
is  that  at  C-l.  Its  behaviour  is  a  consequence  of  hydrogen  bonding, 
typical  of  ^n-methoxynaphthols,  the  reduced  reactivity  being 

accentuated  in  this  example  by  the  steric  influence  of  the  methyl 

^Eleutherin'  has  two  asymmetric  carbon  atoms  and  a  second 
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optically  active  isomer,  uoeleutherin,  is  also  present  in  Eleutherine 
bulbosa 162.  The  two  remaining  isomers  and  both  racemates  were 
obtained  in  the  laboratory  by  Schmid  and  Ebnother162.  On 
dissolution  in  syrupy  phosphoric  acid  eleutherin  partially  racemizes 
forming  an  equilibrium  mixture  containing  83  per  cent  of  allo- 
eleutherin  which  was  separated  from  its  diastereoisomer,  after 
extraction  from  the  neutralized  acid  solution,  by  chromatography 
on  a  column  of  neutral  alumina.  Similarly,  uoeleutherin  partially 
racemizes  in  phosphoric  acid  solution  the  equilibrium  mixture 
containing  18  per  cent  of  the  fourth  isomer,  aZ/owoeleutherin. 
From  the  melting  points  and  specific  rotations  (in  chloroform)  set 
out  below  it  can  be  seen  that  eleutherin  and  <j//oboeleutherin  on  the 
one  hand,  and  uoeleutherin  and  aZ/oeleutherin  on  the  other,  are 
optical  antipodes. 


Racemate 
m.p.  156° 


Eleutherin  h3P04 

m.p.  175°,  [a]  +  346°  < - - 

a/ZchoEleutherin  jj  po4 
m.p.  175°,  [a]  -  342°—^ 


a/ZoEleutherin 
m.p.  177°,  [a]  +  45c 
boEleutherin 
m.p.  177°,  [a]  —  46° 


Racemate 

m.p. 

151-152° 


The  relationship  between  all  these  isomers  was  deduced  in  the 
following  way.  Eleutherin,  which  has  the  highest  dextro  specific 
rotation,  was  assigned  first  of  all  the  (+)(+)  configuration  for  the 
two  asymmetric  centres  whence  its  enantiomorph  a/fouoeleutherin 
becomes  the  (  )(  )  isomer.  The  fact  that  Clemmensen  reduction 

of  eleutheiin  and  a/Zoeleutherin  gives  the  same  optically  pure  furan 
derivative  (148),  m.p.  122°,  [a] -1-5°,  in  which  only  the  C-ll 
asymmetric  centre  remains,  implies  that  eleutherin  and  allo- 
eleutherin  differ  only  in  their  configuration  at  C-9.  This  view  is 
supported  by  the  observation  that  the  hydroxyquinone  (149), 
m.p.  (137)°,  [a]+  12°,  does  not  racemize  or  undergo  Walden 
inversion  in  phosphoric  acid,  from  which  it  may  be  concluded  that 
the  rearrangements  which  take  place  when  eleutherin  and  iso- 
'“  '"V"  dissolved  in  phosphoric  acid  involve  the  asymmetric 
centre  at  C-9  and  not  that  at  C-ll.  Schmid  and  Ebnother  also 
emonstiated  that  leucoeleutherin  mono-  and  di-methyl  ethers 
racemized  at  C-9  under  Clemmensen  conditions  and  put  forward  a 
rational  explanation  for  these  changes.  In  acid  solutions  they 
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therefore  that  eleutherin  and  a/Zoeleutherin  are  identical  at  C-l  1  and 


the  relationships  of  all  four  optically  active  isomers  was  expressed 
as  follows: 

H3PO4  H3PO4 

Eleutherin  "  >  a/ZoEleutherin  fioEleutherin  <  >  a/ZofioEleutherin 

C-9  +  -  + 

C-l 1  +  + 

In  a  subsequent  paper163  the  configuration  at  each  asymmetric 
centre  was  correlated  with  the  glyceraldehyde  series.  Ozonolysis 
of  the  hydroxyquinone  (149)  yielded  (-fi)  /?-hydroxybutyric  acid 
(/?L-hydroxybutyric  acid*)  whence  eleutherin  and  a/Zoeleuthei in 
have  the  l  configuration  at  C-l  1.  As  the  configuration  at  C-9 
could  not  be  determined  directly,  owing  to  the  difficulty  of  isolating 
degradation  products  containing  this  asymmetric  centre,  it  was 
ascertained  by  reference  to  D-eleutherol  (157),  the  configuration  of 
which  was  revealed  by  degradation  to  (— )lactic  acid  (D-lactic 
acid).  Comparison  of  the  molecular  rotations  of  eleutherol, 
/rwcoeleutherin  and  /^Mro/joeleutherin,  and  their  derivatives,  provided 


(157) 


evidence  to  show  that  eleutherin  had  a  D-configuration  at  C-9. 
The  configuration  at  each  asymmetric  centre  of  the  four  quinones 


Eleutherin 

C-9 

D 

C-l  1 

L 

uoEleutherin 

D 

D 

a/ZoEleutherin 

L 

L 

a/ZofioEleutherin 

L 

D 

*  Stereochemical  designation  according  to  the  Cahn-Ingold  system^. 
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Flaviolin  (158),  C10H6O5,  garnet-red  rhombs*,  decomp.  c.  250° 


0 


(158) 


This  quinone,  a  metabolic  product  recently  isolated  by  Astill  and 
Roberts160  from  Aspergillus  citricus  (Wehmer)  Mosseray,  is  the  first 
naphthaquinone  to  be  obtained  from  an  Aspergillus  species. 
A.  citricus  was  grown  on  an  aqueous  medium  containing  glucose  and 
inorganic  salts  from  which  the  crude  pigment  was  isolated  by  ether 
extraction.  Like  a  number  of  other  polyhydroxynaphthaquinones 
flaviolin  has  inconvenient  physical  properties  and  crystalline 
material  could  only  be  obtained  from  dioxan  or  dioxan-benzene 
solutions.  These  crystals  readily  lose  dioxan  of  crystallization 
forming  an  amorphous  product,  C10H6O5.iH2O. 

Flaviolin  exhibits  striking  colour  changes  in  aqueous  solution, 
leminiscent  of  hydroxyanthraquinones,  passing  from  yellow  in  acid 
solution,  through  red  at  neutrality,  to  deep  violet  when  strongly 
alkaline.  The  latter  colour  is  destroyed  on  warming  the  solution 
with  zinc  dust  but  is  restored  by  aerial  oxidation.  The  presence  of 
three  hydroxyl  groups  (one  strongly  acidic)  was  demonstrated  by 
electrometric  titration  and  confirmed  by  the  preparation  of  a 
triacetate  and  a  trimethyl  ether.  Acetylation  by  normal  methods 
was  surprisingly  difficult  but  it  proceeded  smoothly  using  perchloric 
acid  as  catalyst.  Despite  its  failure  to  undergo  reductive  acetylation 
t  e  general  properties  of  the  compound  suggest  a  hydroxylated 
quinone  structure  and  this  was  confirmed  by  examination  of  the 
ultra-violet  absorption,  the  triacetate  in  particular  having  a  curve 
chaiactenstic  for  a  1 : 4-naphthaquinone.  Flaviolin  was  thus 
revealed  as  a  trihydroxy- 1 :  4-naphthaquinone.  Oxidation  of  the 

rcid  estbh,h  Chr,°mium  trioxide  ^rded  3 :  5-dihydroxyphthalic 

5  and  7  .hl  .h  fl  h  °f  ‘W°  ^roxyl  groups  at  positions 

addk  chara^r  „f e,‘hnS  “  '  qU1 n0noid  rin«  in  agreement  with  the 
‘character  of  the  compound  and  the  solubility  (hydrolysis)  of 

h  ,™hJ  ether  “  warm  alkali.  Flaviolin  is  there  Je  2  5  7  or 
syntJesh1^®  of°.h^naP^t  laqUj"°ne'  The  issue  decided  by  a 

proved  to  be  identical  with  l  trimeter  derived  tmX 

Containing  dioxan  and  water  of  crystallization. 
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natural  product  and  was  obtained  from  5 : 7-dimethoxy  tetralone  (160; 
R  =  H)  by  condensation  with  two  moles  of />-nitrosodimethylaniline 
forming  a  dianil,  which  was  then  hydrolysed  and  methylated. 


0 


MeO  MeO 

(159)  060) 


The  preparation  of  the  tetralone  by  cyclization  of  y-( 2 : 4-dimethoxy- 
phenyl) butyric  acid  (159;  R  =  H)  was  unusually  difficult,  the 
optimum  yield,  obtained  in  polyphosphoric  acid,  being  only 
4-6  per  cent.  This  has  been  confirmed  in  other  laboratories168 
and  yet  cyclization  of  the  acid  (159;  R  =  Me)  can  be  effected 
under  the  same  conditions,  to  give  the  tetralone  (160;  R  =  Me)  in 
66  per  cent  yield167. 

After  Astill  and  Roberts165  had  shown  that  flaviolin  was 
2 (or  3) : 5: 7-trihydroxy- 1 :4-naphthaquinone,  Birch  and  Donovan169 
predicted  the  correct  structure  on  the  basis  of  the  acetate  theory 
of  biogenesis  (see  p.  4)  which  they  confirmed  by  an  independent 
synthesis  of  the  trimethyl  ether.  This  was  achieved  by  cyclization 


of  the  keto-diester  (161)  obtained  from  3: 5-dimethoxyphenylacetyl 
chloride  and  sodiomalonic  ester)  to  the  naphthol  (162)  which  was 
oxidized  to  flaviolin-5: 7-dimethyl  ether  (163)  by  aeration  in 
alkaline  solution,  the  ester  group  being  removed  simultaneous  y. 

Flaviolin  is  unusual  amongst  naturally  occurring  naphthaquinones 
in  possessing  two  m-hydroxyl  groups,  an  arrangement  common  to 
many  anthraquinones.  The  formation  of  a  tnmethyl 1  ether,  albeit  in 
poor  yield,  is  also  noteworthy  insofar  asmethylationof  a/ien-hydroxyl 
group  has  rarely  been  accomplished  in  the  naphthaquinone  senes 
However  it  has  been  found  recently  that  methyl  iod.de-s.lve. 
oxide  is  an  effective  reagent  for  this  pui  pose  . 
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Alkannin  (164),  C16H1605,  bronze  needles,  m.p.  149°,  [a]^4 
—  167°d:  10  (benzene) 


CH(0H)CH£H=CMe2 


(164) 

The  natural  dyestuff,  alkanet,  consists  of  the  root  of  the  perennial, 
Alkanna  tinctoria  Tausch.  ( Boraginaceae )173,  more  commonly  known 
as  False  Alkanet*  or  Dyer’s  Bugloss,  and  is  of  considerable  antiquity. 
Its  use  was  known  to  the  Romans  but  it  never  attained  the  impor¬ 
tance  of  the  ancient  anthraquinone  colouring  matters.  It  contains 
the  pigment,  alkannin,  which  has  also  been  noted175  in  other 
Boraginaceous  plants,  especially  Onosma  echioides  Linn,  grown  in 
this  country  as  a  rock-garden  ornamental.  Specimens  found  in 
Central  Asia  contained  as  much  as  19-4  per  cent  in  the  root  bark174; 
this  root  has  also  been  used  for  dyeing  purposes199.  The  colouring 
matter  is  extracted  from  alkanet  root  by  boiling  with  light 
Pel1  oleum.  The  extract  is  then  shaken  with  dilute  aqueous  sodium 
hydroxide  and  the  crude  pigment  precipitated  by  acidification  of 
the  blue  alkaline  solution  and  purified  by  sublimation  in  a  high 
vacuum.  The  yield  is  5-6  per  cent.  Alkannin  exists  in  the  plant 
in  the  form  of  its  angelic  ester179  which  may  be  isolated,  as  a  deep 
red  oil,  by  a  modified  procedure.  The  ester  is  very  sensitive  to  alkali 
i  his  red  eolouring  matter  attracted  the  interest  of  many 
chemists  •  J  whose  investigations,  spanning  a  hundred  years, 
culminated  in  the  elegant  work  of  Brockmann184.185.  Like 
naphthazann  its  parent  quinone,  alkannin  is  difficult  to  purifv 
and  this,  coupled  with  the  reactivity  of  the  side  chain,  misled  many 
of  the  early  workers  and  a  variety  of  molecular  formulae  were 
proposed.  Liebermann178,  by  application  of  his  zinc-dust  degrada- 
xon  piocedure  obtained  2-methylanthracene  and  concluded  that 
material  was  an  anthraquinone  derivative.  In  other  cases 

sid^chain  h^10^  pr°Ce?8U0res  brou§ht  about  the  elimination  of  the 
ide-chain  hydroxyl  group189,  or  its  methylation18**,  with  consequent 

erroneous  interpretations.  The  detaiied  investigations  of  Brockmann 

shrub  *■—  Lam. 
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finally  clarified  the  earlier  confusion  and  firmly  established  the 
structure  of  alkannin  and  its  optical  isomer  shikonin. 

Analysis  and  molecular  weight  determination  (in  exaltone)  of 
carefully  purified  alkannin  established  the  molecular  formula 
Ci6Hi605.  It  contains  three  active  hydrogen  atoms,  forms  a  yellow 
triacetate,  and  its  light  absorption  and  deep  blue  alkaline  solution 
showed  it  to  be  a  naphthazarin  derivative.  Raudnitz  and  Stein182a 
had  previously  isolated  acetone  (0-7  mole)  by  ozonolysis  in  acetic 
acid,  and  now  Brockmann  by  treating  the  triacetate  with  ozone  in 
chloroform  solution  obtained  a  little  3:6-dihydroxyphthalic  acid  in 
addition.  This  evidence  supports  the  naphthazarin  formulation 
and  shows  that  a  side  chain  is  present  which  terminates  in  Me2C=. 
This  side  chain  must  also  contain  an  asymmetric  carbon  atom,  and 
the  third  hydroxyl  group  as  alkannin  is  only  slightly  soluble  in 
aqueous  sodium  carbonate  (i.e.  no  hydroxyl  group  in  a  quinone  ring) 
Repetition  of  the  zinc-dust  distillation  gave  a  mixture  of  1-  and 
2-methylanthracene  and  some  naphthalene,  the  latter  providing 
welcome  confirmation  of  the  naphthaquinonoid  structure.  On  dry 
distillation,  alkannin  affords  5-methylquinizarin  (165)  which  was 


conveniently  synthesized  for  comparison  by  Diels-Alder  addition 
of  piperylene  to  naphthazarin  diacetate.  All  these  reactions  can 
be  interpreted  in  terms  of  structure  (166)  with  the  hydroxyl  attached 
to  the  a-  or  0-carbon  atom,  the  anthracene  derivatives  being  formed 
by  cyclization  of  the  side  chain  and  elimination  of  small  fragments. 

'  The  remaining  problem  is  the  location  of  the  hydroxyl  group  in 
the  side  chain.  On  hydrogenation  in  acetic  acid  over  a  piatmum 
catalyst,  alkannin  takes  up  three  moles  of  hydrogen  and  a 
aeration  of  the  product,  a  new  red  quinone,  alkannan,  OieH18<J4, 
is  obtained.  This  compound  has  two  active  hydrogen  atoms  and 
forms  a  diacetate  and  a  /eucotetra-acetate  showing  that  . : 
chain  hydroxyl  group  has  been  lost  during  the  reduction.  Oxidat  ° 
of  Hannan  with  potassium  permanganate  in  acetone  afforded 
e-methylhexoic  acid  which  established  that  the  side  c  ain  \sas  . 
ijohexyl  group  and  also  confirmed  the  carbon  skeleton  of  alkannim 
A  synthesis  of  alkannan  was  achieved  later  (*.  below).  In  the 
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hydrogenation  of  alkannin  no  intermediate  products  could  be 
identified,  but  using  the  monomethyl  ether,  Brockmann  isolated 
some  dihydroalkannin  methyl  ether  after  the  uptake  of  two  moles  of 
hydrogen  (if  allowed  to  continue,  hydrogenolysis  again  occurs  and 
alkannan  is  obtained).  When  this  product  was  oxidized  with 
potassium  permanganate  in  acetone  it  yielded  e-methyl-a-methoxy- 
hexoic  acid  which  was  identified  by  oxidation  to  wocaproaldehyde 
with  lead  peroxide  in  dilute  phosphoric  acid.  It  follows  that 
alkannin  has  an  a-hydroxyzVohexenyl  side  chain  as  shown  in  the 
partial  structure  (167).  The  location  of  the  hydroxyl  group  on  the 
carbon  atom  next  to  the  conjugated  system  accounts  for  its  reactivity. 


i)CHOH)CH,CH=CMe, 


0 

067) 


0 


0 


iCHOMe)CH2  CH=CMe2 


(168) 


1CH=CHCH=CMe2 


vioa; 

According  to  the  conditions,  it  may  be  replaced  or  eliminated* 
when  alkannin  is  allowed  to  stand  in  cold  2  per  cent  methanolic 
hydrochloric  acid  the  racemic  methyl  ether  (168)  is  formed  in  good 
yield  but  in  10  per  cent  methanolic  hydrochloric  acid  elimination 

1  P  aC^  and.  Per  cent  ^e  diene,  anhydroalkannin, 

(  69)  can  be  isolated.  The  latter  may  also  be  obtained  by  warming 
alkannin  in  2n  sodium  hydroxide.  The  structure  of  anhydroal 

absonrbs‘thr°,Vn  I Ub'  U  yidd5  aCe‘°ne  (0’9  mole>  on  “Nation, 
abso  bs  thi  ee  moles  of  hydrogen  to  give  (after  aeration)  alkannan 

visible  spect,um  of  alkannin  ^ 
Another  quinone  containing  the  diene  side  chain  is  (170)  which 


JCH=CH-CH=CMe, 


CH(OMe)CH2CH=CMe2 


070) 
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Raudnitz  and  Stein182b  obtained  by  Diels-Alder  addition  of  2:3- 
dimethylbutadiene  to  alkannin  methyl  ether;  in  the  subsequent 
isomerization  and  oxidation  of  the  adduct,  effected  by  blowing  air 
through  its  alkaline  solution,  the  methoxyl  group  was  simultaneously 
eliminated.  The  formation  of  the  adduct  was  taken  as  evidence  that 
alkannin  had  the  structure  (172)  in  which  the  side  chain  is  attached 
to  the  benzenoid  ring  and  was  supported  by  the  formation  of  the 
indazole  (171)  (or  an  isomeric  form)  by  addition  of  diazomethane 
to  alkannin  methyl  ether.  As  the  electrode  potentials  of  naphtha- 
quinones  are  lowered  by  the  introduction  of  alkyl  substituents 
Brockmann  pointed  out  that  the  side  chain  in  alkannin  would 
produce  the  same  effect  and  consequently  this  quinone  would  exist 
predominantly  in  the  form  (164).  This  is  no  doubt  the  case  although 
the  argument  is  not  supported  (as  Brockmann  thought)  by  the 
formation  of  3 : 6-dihydroxyphthalic  acid  when  alkannin  triacetate  is 
subjected  to  ozonolysis  which  merely  establishes  the  structure  of 
the  acetate*,  and  it  should  be  noted  that  Raudnitz  and  Behrens183 
were  unable  to  isolate  3 : 6-dihydroxyphthalic  acid  by  ozonolysis  of 
alkannin  methyl  ether.  A  further  reaction  which  involves  the  form 
(172)  was  discovered  by  Brockmann185:  when  alkannin  is  treated 


in  cold  benzene  or  chloroform  with  stannic  chloride  it  undergoes 
an  intramolecular  Friedel-Crafts  reaction  to  form  the  isomeric 
optically  active,  cyclo alkannin  (173).  It  seems  probable  then  that 
alkannin  exists  mainly  in  the  form  (164)  in  solution  and  leads  in 
that  form  when  only  the  side  chain  is  involved  but  for  stenc  reasons 
reactions  with  a  quinone  nucleus  will  take  place  preferentially  with 
the  unsubstituted  ring  of  the  tautomeric  form  (172). 

Brand  and  Lehmann™  showed  that  alkannin  was  present  in 
alkanet  root  in  the  form  of  its  angelic  ester  which  they  isolated  as  a 
red  oil  On  hydrolysis  it  afforded  alkannin  and  angelic  acid  which 
was  characterized  by  formation  of  the  djbrom.de  and ^b y  isome.  - 
zation  to  tiglic  acid.  From  the  colour  of  the  ester  it  appeals  tha 

the*  ^  8-cliacetoxyd  : -t-na^ihdiaqiU^erieO^ivlier^s^the1^  ui- 

acetate'of  the  latter  AeiS-.riace.oxy-l : 4-„aph,haqu,none'“. 
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the  side-chain  hydroxyl  group  is  esterified,  since  acylation  of  a 
/>m'-hydroxyl  group  would  be  expected  to  produce  an  appreciable 
hypsochromic  effect. 

The  difficulties  encountered  by  many  workers  in  the  isolation  of 
alkannin  were  probably  due,  in  part,  to  the  presence  of  other  pigments 
in  alkanet  root.  In  a  recent  investigation,  Toribara  and  Under¬ 
wood188  could  isolate  only  0-4-4  g.  alkannin/kg.  root;  the  major 
part  of  the  colouring  matter  did  not  sublime  and  although  its 
absorption  spectrum  was  similar  to  that  of  alkannin  its  molecular 
weight  was  approximately  double  and  it  was  optically  inactive. 
This  material  is  probably  the  same  as  that  isolated  by  Majumdar 
and  Chakravarti189,  which  appears  to  have  the  formula  C30H36O9. 
This  substance,  anchusin,  was  isolated  from  alkanet  root  after  the 
alkannin  had  been  extracted. 

Violet  and  grey  shades  may  be  obtained  by  dyeing  fabrics, 
mordanted  respectively  with  aluminium  and  iron,  with  alcoholic 
extracts  of  alkanet  or  shikon  roots.  Although  no  longer  used  for  this 
purpose  it  may  still  be  employed  for  the  colouring  of  artificial  wines 
and  cosmetics.  Recommendations192  for  the  use  of  alkannin  (or 
alkanet  tincture)  as  an  indicator  have  recently  been  revived  and  it 
has  been  compared  favourably  with  methyl  red193.  It  has  also  been 
proposed  as  a  reagent  for  the  detection  and  identification  of  metals, 
especially  magnesium,  aluminium  and  beryllium194.  Underwood 
and  Neumann187  have  made  use  of  alkannin  for  the  spectrometric 
determination  of  microgramme  quantities  of  beryllium  but  in  this 
lespect  it  has  no  advantage  over  the  more  accessible  naphthazarin. 


Shikomn,  C16H1605,  violet-brown  plates,  m.p.  147° 

This  is  the  optical  isomer  of  alkannin  which  occurs  as  its  monoacetvl 

“her/lant  of  lhe  Boraginaceae  family,  Lithosfiemmm 
erythrorhizon  Sieb.  and  Zucc.  This  is  found  in  japan  where  it  is 

tT™  as  shlkon  “d  was  formerly  of  importance  for  the  dyeing  of 
Tokyo  Violet.  The  colouring  matter  was  first  examined  by 
uhara  .  It  was  isolated  by  Majima  and  Kuroda19"  from  the 
outer  layers  of  the  roots  by  extraction  with  cold  benzene  and  the 
crude  acetate  was  obtained  as  a  viscous  violet-red  oil  vvh!ch 
eventually  crystallized  after  being  kept  for  a  vear  The  r] 
acetate  was  hydrolysed  by  shaking  i/soludon  in  Hgh,  peUkum 

700  vd',  f‘e  TeOUS  SOdlUm  hydroxide-  30  Kg.  of  thf  roots  yielded 
On  thr^6  aCCtrati  WhlCh  gaVC  435  g-  of  shikonin. 

proposed  s.rucTurf(ltMVinVehStiSati0nS  Majima  and  Kuroda'96 
u  at 
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the  molecular  formula,  C16H1605,  prepared  a  yellow  triacetate,  and 
observed  that  ozonolysis  of  the  latter  yielded  acetone  and  3:6- 
dihydroxyphthalic  acid.  Pyrolysis  afforded  5-methylquinizarin 


0 


(174) 

whilst  a  zinc-dust  distillation  yielded  naphthalene  and  the  two 
monomethylanthracenes.  Although  the  Japanese  workers  were 
aware  that  alkannin  showed  a  strong  resemblance  to  their  own 
material  they  were  unable  to  obtain  a  sample  for  comparison. 
However,  when  it  became  clear  that  alkannin  and  shikonin  had 
the  same  molecular  formula,  as  well  as  similar  chemical  properties, 
Brockmann185’186  took  steps  to  obtain  a  specimen  of  the  Japanese 
pigment,  with  most  interesting  results.  He  confirmed  the  Japanese 
work  and  showed  that  the  two  substances  had  an  identical  ultra¬ 
violet  absorption  spectrum.  Furthermore,  he  found  that  shikonin  was 
optically  active,  and  dextrorotatory,  having  [a]cd  +  135°*  (benzene) 
which  immediately  ruled  out  structure  (174).  Finally  he  converted 
both  alkannin  and  shikonin  into  the  identical  optically  inactive 
methyl  ether  which  established  that  the  two  pigments  were  optical 
isomers.  From  a  solution  containing  equimolecular  amounts  of  the 
two  isomers  the  racemic  form  separated  as  brown-red  needles, 
m.p.  148°.  This  is  a  true  racemic  compound  giving  a  melting  point 
depression  with  both  alkannin  and  shikonin.  It  was  named 
shikalkin  and  apparently  occurs  occasionally  in  shikon  roots  along 
with  shikonin.  As  with  alkannin,  catalytic  reduction  of  shikonin 
yields  alkannan  and  on  treatment  with  stannic  chloride  in  benzene 
it  cyclizes  to  (+)cyc/0shikonin. 

Alkannan  (175),  C16H1804,  red  leaflets,  m.p.  99° 


0 


(175) 

•  This  is  less  than  the  specific  rotation  of  alkannin  and  was  shown  to  be  due  to 
the  presence  of  r.  20  per  cent  of  the  racemic  form. 
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A  small  amount  (<0-l  per  cent)  of  this  quinone  is  present  in 
alkanet  root  along  with  alkannin,  from  which  it  can  be  separated 
chromatographically  on  a  column  of  kieselguhr185.  The  degradative 
evidence  on  which  the  structure  is  based  has  already  been  described 
and  there  remains  only  its  final  confirmation  by  synthesis.  This 
was  first  achieved  by  Kuroda  and  Wada197  by  condensing  2 -iso- 
hexylquinol  with  maleic  anhydride  in  fused  sodium  chloride- 
aluminium  chloride;  apparently  this  succeeded  without  difficulty 
although  no  yield  is  recorded.  However  Brockmann  and  Miiller186 
could  obtain  only  a  trace  of  alkannan  by  this  method,  the  main 
product  being  a  compound  regarded  as  (176).  The  condensation 
of  wocaproaldehyde  with  /2-hydronaphthazarin,  as  shown  below, 
appeared  to  be  a  promising  alternative  but  in  practice  more 


complicated  reactions  took  place.  Using  excess  of  the  aldehyde  in 
hydrochloric  acid-acetic  acid  dialkylnaphthazarins  were  obtained 
whereas  equimolecular  amounts  of  the  aldehyde  and  diketone  rave 
compounds  of  high  molecular  weight  arising  from  the  interaction 
?  "IIC]™'’  ”  'lle  of  aldehyde  with  two  of  the  diketone.  It  is  now 
known  '“  that  anthocyanidins  are  formed  under  these  conditions 
b.nce,  m  the  formation  of  the  dialkylnaphthazarins,  the  second 

nanhthl'  °-  *  (t*?  presumably  condensed  with  a  monoalkyl- 

Z  t  n  ?  aC"°n  of  aldehydes  on  naphthazarin  was 

hen  examined.  This  also  gave  a  mixture  of  products,  separable  by 


CH  =  CHCH2CHMe2 


(177) 


jCH=CHCH2CHMe2 

CH=CHCH2CHMe2 

078) 


HO 


HO 


jCH2CHMe2 
'CH2CHMe2 


079) 


alkannan, 8  deh^droalkannan'0"!  77)'*  ancTT? ' roaldehyde  yielding 

(179).  The  dehydroalkannan,  formed  L  deJTd 
intermediate  aldol,  gave  alkannan  on  h Y , dehydratlon  of  the 

position  of  the  double  bond  was  deduced  botemtheVe^odof 
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preparation  and  its  ultra-violet  absorption,  the  long  wavelength 
maxima  falling  between  those  of  alkannin  and  anhydroalkannin. 
The  quinizarin  derivative  may  be  formed  by  cyclization  of  the 
quinone  (178),  arising  from  a  second  condensation  with  a  molecule 
of  aldehyde,  followed  by  isomerization  and  oxidation. 

Javanicin  (Solanione)  180),  C15H1406,  red  laths,  m.p.  208° 

0 

,coch3 

(180) 


At  least  two  of  the  pigments  produced  by  Fusarium  species  are 
naphthaquinones.*  The  first  to  be  identified  was  the  red  anti¬ 
biotic  pigment,  javanicin,  isolated  by  Arnstein,  Cook  and  Lacey“02 
from  F.  javanicum  Koorders.  The  mould  was  grown  on  a  medium 
containing  glucose,  salts  and  ‘Bactotryptone  (or  similai  pie- 
paration),  the  latter  being  an  essential  requirement.  In  addition 
to  inactive  pigments,  another  quinone,  oxyjavanicin,  red  needles, 
m.p.  213-214°  decomp.),  could  sometimes  be  separated  and 
occasionally  a  third  product,  m.p.  1 78-1 79°  was  obtained,  apparently 

a  molecular  compound  of  the  other  two. 

By  analysis,  javanicin  was  shown  to  have  the  moleculai  foimula, 
C^HuOfi,  including  one  methoxyl  group,  two  C-methyl  groups  and 
three  active  hydrogen  atoms.  It  formed  a  yellow  diacetate  and 
dibenzoate,  and  showed  a  tendency  to  lose  the  elements  of  water, 
being  smoothly  converted  into  anhydrojavanicin,  C15H1205,  when 
shaken  in  ethereal  hydrogen  chloride  containing  zinc  chloride. 
Anhydrojavanicin  has  only  one  active  hydrogen  atom.  A  similar 
dehydration  occurred  when  javanicin  was  acetylated  the  product 
being  the  monoacetate  of  anhydrojavanicin.  Reductive  acetylation 
of  the  latter  gave  a  /^triacetate  indicating  the  quinonoid  nature  of 
the  substance.  From  the  ultra-violet  absorption  curve  of  the 
/^triacetate  it  appeared  to  be  a  naphthalene  derivative  whilst 
avanicin,  which  showed  bands  at  303  and  505  mp.  was  obviously 
Ja  naphthazarin  derivative,  and  in  fact  its  spectrum  was  almost 
identical  with  that  of  hydroxydroserone.  This  was  evident  also  from 

*  The  antibiotic  pigment,  bostrycoidin^S  C^HnCVOCHs,  red 
243-244°,  a  metabolic  product  of  F.  bostrycoides  Wr.  and  Kkg.,  P 

third. 
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its  deep  violet  colour  in  aqueous  sodium  hydroxide  and  sodium 
carbonate,  and  the  violet  solution  obtained  with  lead  acetate  in 
methanol.  These  findings  can  be  expressed  in  the  partial  formula 
C10HO2(OH)2(OMe)*C4H8O.  The  portion  C4HgO  contains 
the  two  C-methyl  groups  and  must  comprise  the  two  substituents 
CH3  and  CH3COCH2—  since  no  other  arrangement  could  account 
for  the  formation  of  anhydrojavanicin  (by  cyclization).  Moreover 
treatment  of  javanicin  with  sodium  hypoiodite  gave  iodoform,  and 
a  2:4-dinitrophenylhydrazone  was  obtained  without  difficulty 
(simple  naphthazarins  do  not  readily  form  carbonyl  derivatives). 
All  the  atoms  in  the  javanicin  molecule  are  thus  accounted  for 
and  the  structure  (181)  was  proposed  by  Arnstein  and  Cook203. 
No  direct  evidence  for  the  position  of  the  methoxyl  group  was 


obtained  but  it  must  be  attached  to  the  nucleus,  as  the  only  alter¬ 
native  is  the  acetonyl  side  chain  from  which  position  it  would  be 
eliminated  during  the  formation  of  anhydrojavanicin.  This  is  not 
the  case.  Subsequently,  degradative  work  on  fusarubin204  estab- 
is  ed  that  the  methyl  and  acetonyl  groups  were  in  the  same  ring 
so  that  javanicin  can  be  written  as  (180)  (or  a  tautomeric  form), 
whence  anhydrojavanicin  is  (182).  According  to  the  acetate 

javanitiiT  **  1Somer  ■ 1 83)  has  ,he  most  probable  structure  for 
The  formation  of  anhydrojavanicin,  which  seems  to  occur  also 

apachT  An  ,h  P  reCa‘'S  ,he  behaviour  of  hydroxy, ro- 

lapachol.  Another  react, on,  reminiscent  of  the  lapachol  series  takes 

p  ace  when  javanicin  is  refluxed  for  some  time  with  acetic  anhydride 

and  sodium  acetate,  forming  a  new  compound  C  H  O  No,l  • 

"  1T'™I  °fits  chemistry,  and  in  view  of  the  behoof  S 

« si  i—"' 

have  an  almost  identic  u  -As  the  two  compounds 

insoluble  in  aqueous  sodium  bicarbonate  ^he^t"*  b°'h 

oxyjavanicin  probably  occurs  as  a  hydroxy,  “on"  ^“her 
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to  the  methyl  group  or  to  the  co-carbon  atom  of  the  acetonyl  side 
chain.  This  would  also  account  for  the  formation  of  only  one  mole 
of  volatile  fatty  acid  by  Kuhn-Roth  oxidation.  Oxyjavanicin  may 
therefore  be  identical  with  fusarubin  (see  below). 

The  investigations  of  Weiss  and  Nord205  proceeded  concurrently 
with  those  of  Arnstein  and  Cook,  and  followed  similar  lines.  They 
obtained  javanicin  (originally  designated  solanione)  from  a  culture 
of  Fusarium  solani  App.  and  Wr.  (var.  rosa )  D2  purple  grown  on  a 
medium  containing  salts  and  glucose,  although  pigment  production 
was  more  rapid  if  ethanol  was  used  as  a  substrate,  and  with  this 
species  the  quinone  was  isolated  from  the  mycelium.  Evidence  was 
obtained  that  acetaldehyde  was  a  possible  intermediate  in  the 
biosynthesis  in  so  far  as  pigment  formation  in  a  medium  containing 
alcohol  was  retarded  if  dimedone  was  also  present.  The 
acetaldehyde-dimedone  derivative  could  in  fact  be  isolated, 
showing  that  the  mould  was  capable  of  dehydrogenating  the  alcohol. 
Additional  evidence  for  the  structure  of  javanicin  was  obtained  by 
the  formation  of  a  bis-boroacetate  and  a  study  of  the  infra-red 
spectrum,  and  it  was  demonstrated  that  the  methoxyl  group  was 
hydrolysed  on  boiling  with  n/2  sodium  hydroxide.  Aftei  the 
publication  by  Ruelius  and  Gauhe204  of  their  work  on  the  structui  e 
of  fusarubin,  in  which  javanicin  was  obtained  as  a  degradation 
product,  they  obtained  a  sample  of  solanione  and  a  direct  comparison 
with  javanicin  showed206  that  they  had  identical  ultra-violet 
absorption  spectra,  identical  x-ray  powder  photographs  and  showed 
no  mixed  melting  point  depression.  The  two  pigments  are  therefore 

identical. 


Fusarubin  (184),  C15H14Q7,  red  prisms,  m.p.  218°* 


0 


(184) 


This  pigment  is  closely  related  to  javanicin  and  shows  »  number  of 

interesting  features.  It  was  obtained  by  Ruelius  and  Gauhe  horn  a 

culture^  of Fusarium  solani  (Mart.)  App.  and  Wr.  grown  on  a  medium 
containing  ammonium  tartrate,  crude  sugar,  and  inorganic  salts. 


.  On  a  preheated  Maquenne  block.  By  normal  methods  the  decomposition 
point  is  variable. 
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Most  of  the  pigment  diffuses  into  the  solution  and  is  extracted 
therefrom  with  ether,  after  acidification.  The  residual  yellow 
aqueous  phase  contains  a  water-soluble  precursor  which  is  worked 
up  separately  ( see  below).  The  ether  extract  also  contains  a  mixture 
of  acidic  pigments  which  are  removed  by  shaking  with  a  solution 
of  sodium  bicarbonate. 

The  violet  alkaline  solutions  obtained  during  the  isolation  of 
fusarubin  gave  the  first  indication  of  its  structure.  When  it  was 
found  to  be  easily  decolourized  by  sodium  dithionite  (and  reoxidized 
by  air)  and  also  gave  a  violet  coloration  with  lead  acetate  in 
methanol,  it  could  reasonably  be  regarded  as  a  quinone  of  the 
naphthazarin  type.  As  the  molecule  contained  fifteen  carbon  atoms 
(Cl5H1407)  and  Zeisel  and  Kuhn-Roth  determinations  showed  the 
presence  of  one  methoxyl  and  one  C-methyl  group  respectively,  it 
could  not  be  an  anthraquinone  derivative.  A  comparison  showed 
that  its  ultra-violet  absorption  was  very  similar  to  that  of  several 
naphthazarin  derivatives,  which  confirmed  the  basic  structure. 
Since  fusarubin  possesses  three  active  hydrogen  atoms  a  third 
hydroxyl  group  is  evidently  present  and  this  must  be  located  in  a 
side  chain  as  the  substance  does  not  dissolve  in  aqueous  sodium 
bicarbonate. 

The  side-chain  hydroxyl  group  is  very  reactive,  behaving  in  a 
number  of  ways  like  the  corresponding  group  in  alkannin.  When 
dissolved  in  cold  methanolic  hydrochloric  acid  fusarubin  is  smoothly 
converted  into  a  monomethyl  ether  in  good  yield;  the  ethyl  ether  is 
prepared  in  a  similar  fashion  or,  alternatively,  can  be  obtained  from 
the  methyl  ether  by  warming  in  ethanolic  hydrochloric  acid.  A 
striking  feature  is  the  tendency  of  this  pigment  to  undergo  dehydra¬ 
tion,  the  same  hydroxyl  group  being  involved ;  thus  on  heating 
fusarubin  (or  its  methyl  ether)  in  boiling  acetic  acid  the  violet 
a n h yd rofusarubi n,  C15H]206,  is  formed.  The  same  compound  can 
also  be  obtained  by  vacuum  sublimation  of  fusarubin  or  by  treat¬ 
ment  with  dry  hydrochloric  acid  in  boiling  chloroform.  The 
elimination  of  water  is  reversible  and  in  aqueous  acetic  acid  an 
equilibrium  can  be  established.  Careful  addition  of  water  to  a  hot 
acetic  acid  solution  of  anhydrofusarubin  changes  the  colour  from 
vio  et  to  red,  but  if  the  solution  is  brought  to  the  boil  it  becomes 
vm  et-red  returning  again  to  red  on  cooling  when  fusarubin  may  be 
isolated  by  extraction  with  benzene.  Anhydrofusarubin  “o  be 

corMnVhXyhCc  1“  methyl  ether  in  h0t  meth“o> 

reaTcd:nTU“dfcl“aorfeXPeKmen“iaVe  the  ^  t0  these 

reduction  of  fusarubin  with  hydrogen  and  a 
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palladium-barium  sulphate  catalyst  in  glacial  acetic  acid,  two 
moles  of  hydrogen  are  taken  up  and  after  reoxidation  a  new  quinone, 
deoxyfusarubin,  m.p.  187°,  is  obtained,  having  the  formula 
Ci5Hi406  and  only  two  active  hydrogen  atoms.  This  shows  that  a 
hydroxyl  group  has  been  removed,  and  since  deoxyfusarubin  can 
also  be  derived  from  anhydrofusarubin  by  hydrogenation,  it  must 
be  the  same  reactive  hydroxyl  group  described  above.  However, 
hydrogenation  of  fusarubin  with  the  same  catalyst  but  in  a  different 
solvent,  i.e.  ethanol  or  ethyl  acetate,  gives  an  isomeric  compound, 
Ci5Hi406,  m.p.  208°.  This  substance  has  two  C-methyl  groups 
(fusarubin  has  only  one)  showing  that  a  primary  alcoholic  group 
has  been  removed  this  time,  and  it  readily  forms  a  2:4-dinitro- 
phenylhydrazone  whereas  neither  the  isomer,  m.p.  187°,  nor 
fusarubin,  show  ketonic  properties.  The  ketonic  substance  can  also 
be  obtained  by  reduction  of  fusarubin  with  glucose  and  sodium 
hydroxide,  or  with  glucoreductone  in  the  same  medium.  The 
formation  of  two  chemically  distinct  isomeric  compounds  by 
catalytic  reduction  implies  that  the  pigment  can  react  in  two  forms. 
The  facts  can  be  explained  if  one  form  is  a  hydroxyketone,  which 
loses  the  primary  hydroxyl  group  on  hydrogenation  forming  the 
ketoquinone  m.p.  208°,  and  the  other  is  the  corresponding  cyclic 
hemi-acetal  which  loses  its  a-hydroxyl  group  by  hydrogenolysis  to 
yield  the  isomer,  m.p.  187°.  These  reactions  can  be  repiesented  as 

shown  below. 


mi-.,,  retailed  structure  of  the  hemi-acetal  was  deduced  on  the 
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fusarubin  does  not  form  an  indazole  with  diazomethane,  both 
aromatic  —  quinonoid  rings  must  be  substituted  which  means  that 
the  methoxyl  group  is  attached  to  one  of  them*.  Strong  support 


for  these  views  was  obtained  when  Ruelius  and  Gauhe  identified 
the  ketoquinone  m.p.  208°,  with  javanicin;  at  the  same  time  the 
structuie  of  the  latter  was  narrowed  to  one  of  two  possible  isomers 
as  the  acetonyl  and  methyl  groups  must  be  in  the  same  ring. 
Ruelius  and  Gauhe  pointed  out  that  fusarubin  and  oxyjavanicin  had 
very  similar  physical  properties  and  were  almost  certainly  identical 
but  unfortunately  insufficient  material  was  available  to  establish 
this.  As  already  mentioned,  javanicin  forms  a  2 : 4-dinitrophenyl- 
hvdrazone  and  it  was  also  shown  to  react  with  Girard’s  Reagent  T 
Such  ketonic  properties  are  completely  absent  in  fusarubin,  and 
this,  coupled  with  the  facility  with  which  it  forms  ethers  and  under¬ 
goes  dehydration,  shows  that  it  exists  in  the  hemi-acetal  form  (184) 
the  absence  of  optical  activity  being  due  to  mutarotation.  Apart 
rom  the  sugars,  this  type  of  structure  is  rare  in  Nature.  The  violet 
quinone,  anhydrofusarubin,  is  therefore  (186),  the  double  bond  in 
ie  pyran  ring,  conjugated  with  the  quinone  system,  producing  the 
usual  deepening  of  colour.  Saturation  of  the  double  bond  give!  he 

hat  ,87°'  TahC  'eady  “Ration 

as  a  close  paralle  in  compounds  of  similar  structure,  eg  distil- 

lauon  of  S-aceto-a-butanol,  which  is  tautomeric  with  2-hvdroxv  2 

methyltetrahydropyran,  eliminates  water  forming  5:6-dihydio-2- 


poshfonT-"8  ,0  ‘hC  aC"aK  ,he°^  Oogenesis  ,he  methoxyl  group  should  be 


at 
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methylpyran,  the  reaction  being  reversible;  it  also  forms  ethers 
with  remarkable  facility208. 

Fusarubinogen — Ether  extraction  of  the  acidified  culture  filtrate 
from  F.  solani  (Mart.)  App.  and  Wr.  removes  the  fusarubin,  leaving  a 
yellow  aqueous  phase  which  contains  a  water-soluble  modification 
of  the  pigment  in  a  reduced  state.  In  the  case  of  the  strain  F.  solani 
(Mart.)  (App.  and  Wr.)  var.  Martii  (App.  et  Wr.)  Wr.  this  was  the 
sole  metabolic  product,  no  free  fusarubin  was  detected.  The  yellow 
solution,  on  being  kept  at  c.  pH  9  in  air,  is  slowly  oxidized  and 
becomes  bluish-red.  If  it  is  then  cautiously  acidified  to  pH  5-5,  a 
dark  yellow  colour  appears  and  when  the  solution  is  made  strongly 
acid  the  water-solubilizing  group  is  split  off  and  free  fusarubin  is 
liberated.  The  water-soluble  pigment,  fusarubinogen,  was  identified 
by  Ruelius  and  Gauhe207  as  a  sulphuric  ester  of  fusarubin.  It  was 
isolated  as  its  ammonium  salt  by  careful  neutralization  of  the  oxi¬ 
dized  (bluish-red)  solution,  addition  of  ammonium  sulphate  and 
then  n-butanol.  This  mixture  was  then  centrifuged  and,  on  addition 
of  benzene,  a  yellow  aqueous  phase  separated  which  deposited  orange 
crystals  of  ammonium  fusarubinogen  sulphate.  The  ester  group  is 
very  easily  hydrolysed  in  dilute  mineral  acid  and  can  be  estimated 
quantitatively  by  adding  dilute  hydrochloric  acid  to  its  aqueous 
solution  containing  barium  chloride.  A  precipitate  of  barium  sul¬ 
phate  appears  in  a  few  seconds  and  can  be  freed  from  fusarubin  by 
washing  with  dioxan.  The  ultra-violet  absorption  of  fusai  ubinogen 
is  similar  to  that  of  juglone  which  shows  that  the  auxochromic  pro¬ 
perties  of  one  of  the  peri- hydroxyl  groups  has  been  suppressed. 
Fusarubinogen  is  therefore  (187)  or  (188)  (or  a  tautomeric  form). 
This  is  the  first  hydroxyquinone  to  be  isolated  as  a  sulphuric  ester 


0 


0 


0 

(188) 


0 

(187) 


and  it  suggests  that  some  of  the  other  quinones 
i  •  *1 _ _ T^ncariih 


quinones  produced  by  micro 
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prosthetic  group  at  a  /?-  or  side-chain  hydroxyl  group.  Fusaru- 
binogen  is  actually  found  in  the  metabolism  solution  in  a  reduced 
state  and  its  yellow-brown  colour,  blue-green  fluorescence  in  solu¬ 
tion  and  resistance  to  oxidation  (as  compared  to  /<?MCofusarubin) 
suggest  that  the  reduced  form  is  a  derivative  of  /?-hydronaphthazarin. 


Cordeauxiaquinone  (189),  C14H1207,  garnet-red  prisms  or  needles,  m.p. 
194° 


This  pigment,  recently  investigated  in  Karrer’s  laboratory201,  is 
obtained  from  the  shrub  Cordeauxia  edulis  Hemsl.  ( Leguminosae )  which 
flourishes  in  parts  of  Abyssinia  and  Somaliland.  The  undersides  of 
the  leaves  are  covered  with  red  glandular  hairs  from  which  the 
colouring  matter  is  readily  extracted  with  boiling  benzene  (2-7  g.  of 
pigment  were  obtained  from  380  g.  of  the  dried  leaves). 

The  substance  was  readily  recognized  as  a  quinone,  and  in  parti¬ 
cular,  a  naphthazarin  derivative,  by  the  characteristic  ultra-violet 
absorption  in  alcohol  and  aqueous  sodium  hydroxide,  and  by  a 
series  of  colour  reactions.  Addition  of  sodium  hydroxide  to  its 
oiange-ied  aqueous  or  alcoholic  solution  produces  a  blue- violet 
coloration  whilst  it  forms  a  red-violet  solution  in  sodium  bicar¬ 
bonate.  It  gives  a  purplish-blue  colour  with  copper  acetate  which 
is  not  extractable  by  non-polar  solvents,  indicating  salt  formation, 
an  with  lead  acetate  (in  methanol)  it  gives  rise  to  an  intense  purple- 
red  colouration.  These  colour  tests  show  the  acidic  nature  of  the 
substance  and  indicate  the  presence  of  two  />m-hydroxyl  groups 
although  curiously,  the  boroacetate  test  is  negative. 

Analysis  established  the  molecular  formula,  C14H1207,  and 

showed. the  presence  ofone  ^ethoxyl  and  two  C-methyl  groups,  and 

wo  active  hydrogen  atoms.  However,  the  existence  of  three  hydroxyl 
g  ups  was  indicated  by  the  preparation  of  a  yellow  trimethyl  ether 
The  presence  of  an  acetyl  group  was  revealed  by  a  positive  iodofoi^n 

The  ;°n  H,a?iimum  reld’  measured  spectroscopically,  0-72  mole) 

rr?  d“"  - 
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and  30H.  Two  of  the  hydroxyl  groups  occupy  the  jbm-positions  and 
the  complete  arrangement  in  one  ring  was  shown  by  oxidation  of 
the  trimethyl  ether  with  hydrogen  peroxide  in  acetic  acid  which 
afforded  an  anhydride  C13H1206  possessing  two  methoxyl  and 
two  C-methyl  groups.  The  analysis  corresponds  to  an  acetyl- 


OMe 


OMe 


(190) 


dimethoxy-methyl-phthalic  anhydride  and  the  infra-red  spectrum  is 
in  harmony  with  structure  (190).  Bands  at  1840  and  1778  cm.-1  are 
attributed  to  the  anhydride  group  whilst  the  ketone  carbonyl  group 
shows  a  band  at  1715  cm.-1.  Acetophenones  normally  exhibit  their 
carbonyl  frequency  in  the  region  1685-1690  cm.-1  and  the  remark¬ 
ably  high  value  shown  by  this  fully  substituted  derivative  is  ascribed 
to  the  steric  effect  of  the  groups  which  occupy  the  two  ortho  positions 
and  prevent  the  carbonyl  group  attaining  coplanarity  with  the  ring. 

It  follows  that  cordeauxiaquinone  may  be  represented  by  the 
formula  (189)  (or  a  tautomeric  form).  As  both  rings  are  unsym- 
metrical  the  structure  can  only  be  completely  elucidated  by 
synthesis. 


Actinorhodin,  C32H26_30O14,  bright  red  needles,  decomp.  270° 

Recent  interest  in  antibiotics  has  led  to  an  intensive  and  extensive 
study  of  the  metabolic  products  of  micro-organisms  many  of  which 
elaborate  these  useful  substances.  A  recent  survey209  of  400  species 
of  Actinomyces  has  shown  that  many  are  brightly  colouied  and 
chemical  investigations  so  far  indicate  that  quinone,  or  at  least 
quinonoid  structures,  are  frequent.  One  of  these  pigments,  actino¬ 
rhodin,  is  a  bright  red  antibiotic  substance  obtained  from  Strepto- 
myces  coelicolor  (Muller)  Waksmann  and  Henrici.  The  latter  grows 
readily  in  the  laboratory  on  a  solution  of  salts  containing  glycerol, 
glycocoll  and  wheat  bran,  and  the  pigment  can  be  extracted  from 
the  mycelium  (of  which  15  per  cent  is  colouring  matter)  by  treatment 
with  aqueous  sodium  hydroxide,  the  solution  changing  from  green 

to  blue  during  the  process.  , 

Actinorhodin  forms  a  light  yellow  tetra-acetate  and  a  red  dime- 
thyl  ester;  the  latter  also  yields  a  tetra-acetate  and  a  colourless 
leuco octa-acetate  and  fearooctamethyl  ether  As  the  d.methyl  e  ter 
tetra-acetate  still  contains  two  active  hydrogen  atoms, 
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uncharacterized  oxygen  atoms  are  presumably  tertiary  hydroxyl 
groups.  Two  C-Me  groups  are  also  present.  The  pigment  was  soon 
recognized  by  Brockmann  and  Loeschcke210  as  a  naphthazarin 
derivative  from  its  absorption  spectrum,  deep  blue  alkaline  solution 
and  its  behaviour  with  boroacetic  anhydride.  Although  analyses  of 
antinorhodin  and  its  derivatives  agree  with  a  C16  formula  a  number 
of  factors  show  that  the  molecule  must  be  larger:  (a)  actinorhodin 
is  remarkably  insoluble  in  organic  solvents  and,  like  most  of  its 
derivatives,  it  has  no  melting  point  and  does  not  sublime  in  a  high 
vacuum,  (b)  the  molecular  weight  of  the  methyl  ester  (cryoscopic, 
in  phenol)  is  roughly  twice  the  expected  value,  (c)  the  ultra-violet 
absorption  spectrum  of  the  dimethyl  ester  /mroocta-acetate  shows  a 
general  resemblance  to  that  of  /?:/?'-dinaphthyl,  (d)  the  absorption 
maxima  in  the  spectrum  of  actinorhodin,  whilst  they  correspond  to 
those  of  naphthazarin,  are  more  than  twice  as  intense,  and  (e)  the 
product  of  thermal  degradation.  Pyrolysis  of  actinorhodin  methyl 
ester  yields  an  orange  distillate  which  forms  a  yellow  solution  in 
aqueous  sodium  hydroxide,  rapidly  turning  blue  in  air.  Acidifi¬ 
cation  of  the  alkaline  solution  gives  a  red  compound,  probably 
^17^16^7’  This  substance  is  very  like  naphthazarin  spectroscopi¬ 
cally  but  differs  from  actinorhodin  in  its  much  greater  solubility  and 
volatility.  As  the  new  compound  has  a  C17  molecule  it  is  obvious 
that  actinorhodin  cannot  have  a  C16  formula  and  from  this,  and  the 
evidence  cited  above,  Brockmann  and  Loeschcke  therefore  conclude 
that  the  natural  pigment  is  a  di-naphthazarin  derivative  (C32)  which 
splits  in  two  on  thermal  degradation.  Another  monomeric  naphtha- 
zarin  derivative  is  obtained  by  the  reaction  of  actinorhodin  with 
diazomethane211 ;  this  yields,  in  addition  to  the  dimethyl  ester  and 
other  compounds  a  substance  C18H1607N2,  very  like  the  naphthin- 
dazolequinone  (191).  This  must  arise  by  addition  of  diazomethane 
to  an  unsubstituted  ene-dione  system  either  before  or  after 
nssion  ol  the  dicjuinone  molecule. 

Brockmann  and  Hieronymus21!  obtained  strong  support  for  these 
views  by  a  synthesis  of  dinaphthazarin  (193).  This  was  achieved, 
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chloride.  Comparison  of  actinorhodin  with  (193)  leaves  little  doubt 
that  the  natural  product  is  a  dinaphthazarin  derivative,  the  absorp¬ 
tion  spectra  in  the  visible  region  being  almost  identical.  Little  is 
known  at  present  of  the  arrangement  of  the  remaining  twelve  carbon 
atoms. 


Proto  actinorhodin — In  the  isolation  of  actinorhodin  by  alkaline 
extraction  of  the  mycelium  of  Streptomyces  coelicolor,  the  solution 
obtained  is  not  initially  blue.  On  further  investigation  Brockmann 
and  Loeschcke210  found  that  if  the  mycelium  was  harvested  under 
acid  conditions,  the  alkaline  extract  was  at  first  yellow,  becoming 
green  and  then  rapidly  blue,  on  exposure  to  air.  By  avoiding  alka¬ 
line  conditions,  the  substance  responsible,  proto-actinorhodin,  was 
isolated  as  pale  red  prisms,  showing  a  blue  fluorescence  in  solution. 
On  aeration  in  alkaline  solution  it  passes  into  actinorhodin  and  from 
its  properties  it  is  clear  that  it  must  be  a  derivative  of  di-^-hydro- 
naphthazarin  (194). 


HO  OH  HO  OH 


A  small  amount  of  the  less  stable  tautomeric  form  (cf.  195)  may 
also  be  present  in  the  mycelium  in  acid  conditions.  Analyses  and 
the  intensity  of  the  blue  colour  produced  in  alkaline  solution,  show 
that  the  conversion  of  proto-actinorhodin  into  actinoihodin  involves 
only  tautomerization  and  oxidation  of  the  diquinol  to  the  diquinone; 
no  fragmentation  of  the  molecule  occurs. 


Echinochromes  and  Spinochromes 
In  addition  to  the  naphthazarin  derivatives  elaborated  by  plants 
and  micro-organisms,  a  closely  related  group  of  polyhydroxy- 
naphthaquinones  is  found  in  sea  urchins.  These  are  the  only  amma 
pigments  in  the  naphthaquinone  group*.  The  name  echinochrome 
is  due  to  MacMunn  (1885)212  who  first  observed  a  red  pigment  in 
the  perivisceral  fluid  of  Par acentrotus  lividus  (Lam.),  Echinus  esculentus 

*  The  skeleton  including  teeth,  of  some  sea  otters  ( Enhydra  lutris  (Linn.))  is  a 

bright  purple  colour,  upon 

echinochrome  A  and  it  is  mteresti  g  Muller)  found  in  Aleutian 

the  sea  urchin  Strongylocentrotus  drobachiensis JO.  •  >  the  sand  dollar 

waters295.  Echinochrome-like  pigments  are  also  present  in 
Dendraster  excentricus  (Eschscholtz)296. 
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Linn  and  other  species,  but  some  fifty  years  elapsed  before  a  pure 
crystalline  specimen  was  isolated.  The  pigments  frequently  occur 
as  mixtures  and  different  ones  may  be  present  in  different  parts  of 
the  animal;  indeed  the  same  organ  may  contain  different  colouring 
matters  at  different  seasons  and  there  is  some  variation  of  pigmenta¬ 
tion  within  the  same  species  of  sea  urchin  found  in  different  waters. 
Nearly  all  the  sea  urchin  quinones  are  red  but  the  animals  them¬ 
selves  show  a  variety  of  hues,  green,  violet  or  almost  black,  these 
being  the  colours  of  the  calcium  salts,  in  which  form  the  pigments 
occur  in  the  test  (shell)  and  spines.  These  colours  are  reproduced 
when  the  pigments  are  chromatographed  on  a  column  of  calcium 
carbonate  which  is  the  usual  procedure  for  separating  mixtures. 
The  colouring  matters  which  occur  in  the  spines  and  test  (and  have 
not  been  found  in  other  parts  of  the  animal)  are  known  as  spino- 
chromes213  whereas  the  echinochrome  pigments  occur  principally  in 
the  eggs,  ovaries  and  perivisceral  fluid.  It  is  true  that  echinochrome 
A  has  been  found214  in  the  spines  and  test  of  several  species  but  it 
appears,  at  least  in  the  case  of  P.  lividus  (Lam.),  to  be  present  in  the 
organic  residue  which  remains  after  dissolution  of  the  calcareous 
poi  tion  in  hydrochloric  acid  and  does  not,  strictly  speaking,  occur  in 
the  calcified  regions. 


Consideiable  confusion  has  arisen  in  the  nomenclature  of  these 
colouring  matters  owing  to  the  occurrence  of  the  same  pigment  in 
more  than  one  species  with  the  consequence  that  different  names 
have  sometimes  been  given  to  the  same  substance,  and  a  compli¬ 
cating  factor,  for  chemists,  is  the  frequent  use  of  synonyms  in  the 
systematic  terminology  of  the  sea  urchins*.  In  an  effort  to  stan- 
ardize  the  nomenclature  the  European  workers216  in  this  field 

SrisTkU?  f1952’  f°llowing  a  Pr°Posal  made  by  Goodwin  and 
addw\  Jr  aASySReo  Whereb>'  the  P^ments  are  distinguished  by 
•  ?  U  1XCS  A’ B’  C>  etc-  to  the  general  terms  echinochrome  and 

spinochrome  in  the  order  in  which  the  pigments  were  isolated  this 
mg  the  procedure  initiated  by  Kuhn  and  Wallenfels217  Original 

r>paar  Ilf  UnChanged  “  far  as  pOSS'bl'-  Unfortunate^! 

Lol^rbTKu:  ha°a„dWehreCr  Z  “d  “«ai"  P«™nts 

published.  colleagues  were  omitted  from  the  list 

echinochrome  f  anTdSf"15  ,°f  5“hn  and  “-workers  on 

graph  of  the  Bchimidta,  vokaI%"(iptnhhage^';C°929-51,0  Th’  Mor,ensen  A  M<™- 
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The  identification  of  these  pigments  is  also  hampered  by  analytical 
difficulties  and  inconvenient  physical  properties,  and  it  may  be  that 
some  of  the  pigments,  at  present  given  different  distinguishing 
letters,  are  in  fact  identical. 

It  was  recognized  many  years  ago  that  the  watery  secretion  of  sea 
urchin  eggs  played  an  important  part  in  fertilization,  and  Lillie218 
showed  that  it  had  a  threefold  effect  on  the  spermatozoa,  stimulating 
movement,  attracting  them  and  causing  aggregation  (agglutination). 
This  was  confirmed  by  Hartmann  and  Schartau219  who  studied  the 
function  of  the  echinochromes  in  collaboration  with  Kuhn  and 
Wallenfels220.  It  was  shown  that  the  pigments  do  not  occur  in  the 
free  state  in  Arbacia  eggs  but  are  conjugated  with  a  protein  of  high 
molecular  weight  in  the  form  of  a  binary  or  ternary  complex221. 
The  latter  may  be  isolated  by  extracting  the  eggs,  together  with 
their  gelatinous  covering,  with  sea-water,  and  precipitation  with 
ammonium  sulphate.  If  this  product  is  now  dialysed  the  pigment 
separates  out  as  the  binary  complex,  the  third  component  remaining 
in  solution;  this  latter  substance,  also  protein  in  nature,  is  evidently 
present  in  the  jelly  surrounding  the  eggs  for  if  the  eggs  are  freed  from 
their  outer  covering  only  the  binary  complex  can  then  be  exti  acted. 
The  binary  complex  was  found  to  be  completely  inactive  whilst  the 
pigment  itself,  which  is  liberated  from  it  by  treatment  with  dilute 
hydrochloric  acid,  is,  according  to  these  authors,  a  very  powerful 
chemotactic  principle  and  can  activate  sperm  at  a  dilution  of  one 
part  in  2-5  X  109  parts  of  water.  The  ternary  complex  acts  in  the 
same  way  as  the  sea  urchin  ‘secretion  water’  setting  motionless 
spermatozoa  into  vigorous  movement  and  effecting  aggregation. 
The  third  component  is  the  agglutinating  factor  and  has  no  acti¬ 
vating  influence,  but  if  it  is  treated  with  the  binary  complex  the 
solution  then  behaves  after  a  short  time  in  the  same  way  as  the 
‘secretion  water’.  Kuhn  and  Wallenfels221  showed  that  the  ternary 
complex  and  not  the  free  pigment  was  the  activating  influence  under 
natural  conditions  being  effective  at  the  enormous  dilution  of  one 
part  in  3  X  1011  parts  of  sea  water.  The  pigment  appears  to  be 
linked  to  the  protein  by  salt  formation  involving  the  acidic  p- 
hydroxyl  groups  of  the  quinone  and  basic  ammo  groups  m  the 
protein  (the  presence  of  arginine  and  histidine  has  been  identified) 
L  as  the  complexes  are  stable  over  a  wide  pH  range  the  qur none  . 
probably  also  combined  with  the  peptide  linkages*-2.  The  properties 
>f  the  ternary  complex  have  been  confirmed  by  later  woikers  butt  e 
activating  influence  of  eehinochrome  A  itself  has  been  much  dis¬ 
puted223.228  and  at  present  its  significance  in  the  very  powei  u  lg 
molecular  weight  complex  is  obscure. 
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Echinochrome  A  (196),  C12H10O7,  deep  red  needles, 
(decomp.) 


(196) 


m.p. 


220° 


This  pigment  occurs  in  various  organs  of  the  sea  urchin  Arbacia 
lixula  (Linn.)213>214>221’224-226,  and  in  the  test  and  spines  of  Paracen- 
trotus  lividus  (Lam.)214>227,  Strongylocentrotus  purpuratus  (Stimpson)228 
and  Echinus  esculentus  Linn.215-227  and  it  has  recently  been  identified 
in  the  spines  of  the  Japanese  species  Scaphechinus  mirabilis  (Ag.)293. 


The  first  crystalline  material  was  isolated  by  McClendon225  but 
the  first  pure  specimen  was  that  of  Ball226  whose  material,  from  the 
e§§s  of  A.  lixula  (Linn.),  was  found  to  have  the  molecular  formula 
^i2^io^7-  This  was  confirmed  by  Lederer  and  Glasser213,  and  by 
Kuhn  and  Wallenfels217,  who  obtained  the  same  substance  from  the 
ovaries.  The  pigment  is  isolated  from  the  eggs  and  ovaries  by 
extraction  with  acidified  alcohol  or  acetone  whilst  the  inorganic 
parts  of  the  animal  are  first  dissolved  in  hydrochloric  acid  before 
exti  action  of  colouring  matter  with  a  solvent. 

1  he  structure  of  echinochrome  A  is  known  from  the  work  of  Kuhn 
and  Wallenfels217.  It  behaves  as  a  quinone  on  reduction;  zinc-dust 
distillation  yields  a  little  naphthalene  whilst  reductive  acetylation 
gives  a  colourless  hepta-acetate.  This  data  accounts  for  all  the 
oxygen  atoms  of  echinochrome  A  and  ten  of  the  carbon  atoms.  The 
two  remaining  carbon  atoms  were  shown  to  be  present  as  an  ethyl 
group  by  a  chromic  acid  oxidation  which  yielded  propionic  acid 
moe).  y  treatment  with  diazomethane,  echinochrome  A 
orms  mono-,  d,-  and  trimethyl  ethers^,  the  colour  reactions  of  the 
latter  be, ng  very  similar  to  those  of  naphthazarin.  It  is  insoluble  in 
aqueous  sodium  bicarbonate,  forms  a  blue  solution  in  aqueous 

acetate  f  heTa  ‘T®  Vi°'et  S°'Ution  with  “ethanoHc  lead 

etate.  The  same  tests  show  also  that  echinochrome  A  and  nanhtha 

purpurm  are  closely  related,  in  particular  they  both  give  a  reddish 

chamilSr  of™'11  hmK  han0'iC  'ead  which  seems  t0  t 

„  (  i  •  ndPhthazann  derivatives  having  a  d-hydroxvl 

concluded  thSU££“e£“  C.XCeptio">'  Kuhn  Wallenfels 
naphthazarin  of  struck 
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2:3:6  (or  3:6:7)  isomer  as  the  hydrogen-bonded  hydroxyl  groups 
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(197) 

would  not  react  with  diazomethane.  Final  confirmation  of  the 
structure  was  obtained  by  synthesis  (Wallenfels  and  Gauhe230). 
Condensation  of  2-ethyl- 1 : 3:4-trimethoxybenzene  with  dibenzoyl- 
oxymaleic  anhydride  in  an  aluminium  chloride-sodium  chloride 
melt  gave  a  quinone  which  was  shown  to  be  identical  with  the  sea 
urchin  pigment.  The  low  yield  in  this  synthesis  (F5  per  cent)  is  due 
to  the  instability  of  the  anhydride  component.  In  a  similar  conden¬ 
sation  of  dibenzoyloxymaleic  anhydride  with  quinol  2 : 5-dihydroxy- 
benzophenone  was  obtained  in  good  yield  but  no  quinone  could  be 
detected190. 

From  our  knowledge  of  equilibria  in  tautomeric  quinonoid 
systems  and  the  influence  of  substituents  on  electrode  potentials  it 
can  be  assumed  that  echinochrome  A  exists  in  solution  predomi¬ 
nantly  in  the  form  (196)  in  which  there  are  two  hydroxyl  groups  in 
the  quinone  ring.  Unfortunately  experimental  verification  has  not 
been  possible.  Wallenfels  and  Mohle231  attempted  this  but  were 
unable  to  obtain  stable  potentials  although  the  general  direction  of 
the  titration  curve  indicated  that  the  potential  was  less  than  100  mV 
in  agreement  with  calculation*.  The  same  workers  observed  that 
hydrogenation  of  echinochrome  A  using  a  platinum  catalyst  was 
also  abnormal  in  that  the  solution  was  still  red  after  the  uptake  of 
one  mole  of  hydrogen.  This  is  presumably  due  to  the  leuco  compound 
(ethylheptahydroxynaphthalene)  tautomerizing  to  the  /Worm; 
d-hydronaphthapurpurin  (198)  for  example,  is  orange. 

Echinochrome  A  lies  at  the  centre  of  a  novel  oxidation-reduction 
system.  Its  unusually  low  potential  can  be  attributed  to  the  multi¬ 
plicity  of  hydroxyl  groups  and  for  the  same  reason  it  would  be 
expected  that  the  potential  of  the  corresponding  diquinone  (199 
would  be  low  relative  to  that  of  (200).  The  poss.ble  phys.olog.cal 
importance  of  this  double  oxidation-reduction  system  led  Kuhn  and 
Wallenfels232  to  examine  the  oxidation  of  echinochrome  A,  with  most 

Cani^^^w^'^measured'oi^fcmde^extracrof^vtrbic^f  tes^which^oInain^Uier 

pigments. 
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interesting  results.  Naphthazarin  can  be  oxidized  to  the  diquinone 
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(200)  with  lead  tetra-acetate  but  the  usual  oxidants  which  convert 
quinols  to  quinones  are  ineffective.  On  the  other  hand  echino- 
chrome  A  is  smoothly  dehydrogenated  by  shaking  in  ethereal  solu¬ 
tion  with  silver  oxide,  or  lead  peroxide,  to  give  a  yellow  product, 
dehydroechinochrome,  C12H807,  which  is  obtained  initially  as  a 
monohydrate.  By  long  drying  in  a  vacuum  over  phosphorus  pen- 
toxide,  anhydrous  material  can  be  obtained  whereas  on  exposure  to 
the  atmosphere  it  rapidly  takes  up  a  second  molecule  of  water  The 
diquinone  (200)  is  very  readily  reduced  to  naphthazarin  by  a 
variety  of  reagents;  dehydroechinochrome  behaves  differently.'  In 
faintly  acid  solution  it  is  stable  towards  reducing  agents  with  the 

medium  efbicPtl0n  °/\hydr°gen  sulPhide’  but  in  a  weak  alkaline 
edmm  (bicarbonate)  it  is  smoothly  reduced  to  echinochrome  A  bV 

such  mild  reagents  as  ascorbic  acid,  cysteine,  hydrazobenzene  and 

SSf  letent  ',hat  dehydroechinochZeTno^aTeS::  of 

(200)  and  their  absorption  spectra  are  quite  different  From  2  ? 

closefy^^dehydroechinoch  0t^Cr  ^  COmPOU"d 
silverUde  and  toh  have  Teh"11  °btai"ed  by  oxida,i°" 

(201)  ofestablishedstructure»  TheCIanm0n7lth  tHe  te,raketone 

isomer  (200)  in  several  ways,  but  notably  by  its’t^for  hyTa" 
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formation,  its  stability  towards  hydriodic  acid,  and  its  specific  reduc¬ 
tion  with  hydrogen  sulphide.  There  can  be  no  doubt  therefore  that 
dehydroechinochrome  is  the  tetraketone  (202),  and  its  formation  by 
lead  peroxide  oxidation  of  echinochrome  A  recalls  the  formation 
of  lapachol  peroxide  (p.  77),  probably  proceeding  via  the 

0  0 


C 

(203) 

diradical  (203).  The  tetraketone  was  also  obtained  by  oxidizing 
echinochrome  A  with  hypochlorous  acid,  and  with  hydrogen  per¬ 
oxide  in  the  presence  of  dehydrogenase;  in  the  latter  case  at  least,  the 
reaction  would  proceed  in  the  same  way,  as  Westerfield  and  Lowe-35 
have  demonstrated  that  such  enzyme-catalysed  oxidations  take  place 
by  a  radical  mechanism.  The  hydrogen  peroxide-dehydrogenase 
oxidation  is  general  for  2 : 3-dihydroxy- 1 :4-naphthaquinones  and, 
coupled  with  the  reverse  reduction  effected  with  hydrogen  sulphide, 
is  a  means  for  detecting  this  type  of  structure234. 


Echinochrome  B 

The  pigments  of  sea-urchins  differ  not  only  in  different  parts  of  the 
animal  but  are  also  subject  to  variations  within  the  same  organ,  at 
different  stages  of  development.  Thus,  while  the  ovaries  of  fully 
mature  females  of  the  species  A.  lixula  (Linn.)  contain  only  echino¬ 
chrome  A  (10  mg),  Kuhn  and  Wallenfels221  found  that  the  immature 
ovaries,  which  are  very  small  and  deep  violet  in  colour,  contain 
relatively  little  echinochrome  A  and  two  new  pigments,  ec  ino- 
chromes  B  (0-02  mg.)  and  C  (0-004  mg.).  A  and  B  are  separated 
from  C  by  extracting  an  ethereal  solution  of  the  mixtuie  wit 
aqueous  sodium  bicarbonate.  The  product  obtained  on  acidifi¬ 
cation  is  then  crystallized  from  aqueous  d.oxan  from  which  A  sepa- 
rates  leaving  B  in  the  mother  liquor.  Echinochrome  B  forms 
carmine-red  rods,  m.p.  173-175°.  It  reacts  with  dtazomethane  to 
give  a  methyl  etherwhich  is  insoluble  in  aqueous  sodium  bicarbonate 
but  forms  a  blue-violet  solution  in  aqueous  sodium  hydroxide.  These 
facts  in  conjunction  with  its  absorption  spectrum,  suggest  that  the 
methyfether  is  a  naphthazarin  derivative.  It  appears  therefore  that 
echinochrome  B  is  a  hydroxylated  naphthazarin  related  to  echino¬ 
chrome  A.  Little  is  known  of  the  violet  pigment  echinochrome  C. 

134 


ECHINOCHROMES  AND  SPINOCHROMES 


As  it  cannot  be  extracted  from  ether  even  with  n/  1 0  sodium  hydroxide 
it  is  obviously  not  a  naphthazarin  and  it  may  not  be  a  quinone. 

Spinochrome  A,  C12H10O8,  dark  violet  rods,  m.p.  185° 

This  deep  violet  quinone  occurs,  along  with  other  pigments,  in  the 
test  and  spines  of  Paracentrotus  lividus  (Lam.)213  and  Echinus  esculentus 
Linn.215.  Tyler  isolated  a  spinochrome  from  the  test  of  Strongylo- 
centrotus  purpuratus  (Stimpson)  which  from  its  description  could  be 
either  A  or  P.  Unfortunately  it  was  not  analysed. 

From  its  molecular  formula,  C12Hl0O8213>215,  this  compound 
appears  to  contain  one  more  hydroxyl  group  than  echinochrome  A 
and  if  so,  it  must  be  attached  to  the  a-carbon  atom  of  the  side  chain 
(204)  as  a  chromic  acid  oxidation  afforded  acetic  acid  (T33  mole)213. 
However  none  of  the  other  experimental  data  available  supports 
this  structure.  There  are  only  five  active  hydrogen  atoms213  and 


(204) 

although  reaction  with  diazomethane  is  said  to  yield  mono-,  di-  and 
tri-methyl  ethers  (they  were  not  analysed229)  they  all  form  violet 
mictions  “  a0ueous  sodium  bicarbonate  like  the  natural  pigment. 

e  crystals  of  echinochrome  A  and  spinochrome  A  are  quite  dif- 
erent  in  colour  and  there  are  significant  differences  in  their  absorp¬ 
tion  spectra  which  would  be  almost  identical  if  structure  (204)  were 


Spinochrome  B,  C12H807,  red  leaflets  or  prisms,  m.p.  >  300° 

;pnTnts  -prer in  the  spines  °r  * 

esculentus  Uni  215  u ,  ,  ’  traces’  in  the  test  and  spines  of  E. 

and  bv  Lederer214  fobn^  eXamme<?  ^  Goodwin  and  Srisukh215, 
Minchilli238  who  gave  it  the  H  *  6  °?gmal.  work  of  Musajo  and 
some  discrepancies  their  St  DesPite 

The^moTecul^' "formuSc  ScT  W“ 

agreement  with  the  formula  C  H  O  tl  :  .figUres  in  Sood 

oimuia  ^12H8Os  their  analytical  sample  had 
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m.p.  283°.  Lederer,  who  obtained  intermediate  analyses,  ascribes 
the  variations  (3  per  cent  in  carbon)  to  the  difficulty  in  analysing 
this  material.  Musajo  and  Minchilli  prepared  a  /ewcohepta-acetate, 
C26H26Oi4,  by  reductive  acetylation,  which  supports  their  molecular 
formula  and,  as  chromic  acid  oxidation  afforded  acetic  acid,  they 
proposed  structure  (205).  The  tautomeric  />-quinonoid  structure 


0 


0 


(205) 


would  be  more  probable  but  apart  from  this  detail  it  is  difficult 
to  reconcile  their  formula  with  the  formation  of  an  orange-yellow 
tri-(C15H1407)  or  tetra-(C16H1607)  methyl  ether  by  reaction  with 
diazomethane,  nor  does  it  account  for  the  existence  of  a  peak  in 
the  ultra-violet  absorption  spectrum  at  the  unusual  wavelength 
(for  a  naphthaquinone)  of  388  m^215.  Its  olive-green  solution  in 
sodium  bicarbonate  and  the  brown  precipitate  given  with  metha- 
nolic  lead  acetate  are  also  atypical  of  a  hydroxylated  naphthazarin. 
Other  possible  formulations  have  been  discussed  by  Goodwin  and 
Srisukh215. 

Spinochrome  C — Spinone  A,  C12H8Og 

Spinochrome  C  (formerly  known  as  ffoechinochrome)  occurs,  along 
with  echinochrome  A,  in  the  tests  and  spines  of  A.  lixula  (Linn-)  “ 
onH  with  Other  sninochromes  in  the  test  and  spines  of  P.  hvidus 
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1 1  //  in  the  spectrum  of  spinone  A  was  missing  in  the  spectrum  of 
spinochrome  C.  Some  doubt  remains  therefore  concerning  the 
identity  of  these  two  pigments  although  the  discrepancy  in  the  infra¬ 
red  spectra  may  possibly  be  explained  by  impurity  in  one  sample  or 
some  deterioration  in  the  specimen  of  spinone  A  after  fifteen  years 
storage. 

The  structure  of  spinone  A  was  determined  in  the  Heidelberg 
laboratory237.  It  differs  from  echinochrome  A  in  that  reductive 
acetylation  yields  a  /mroocta-acetate  rather  than  a  hepta-acetate, 
chromic  acid  oxidation  affords  acetic  acid  (0-93  mole)  instead  of 
propionic  acid  and  the  molecular  formula  shows  that  it  contains  one 
oxygen  atom  more,  and  two  hydrogen  atoms  less,  than  echinochrome 
A.  All  these  findings  are  explicable  if  spinone  A  contains  a  CH3CO — 
side  chain  instead  of  CH3CH2 — .  Spinone  A  has  therefore  structure 
(206)  and  the  /mroacetyl  derivative  is  (207). 


0 


The  most  striking  feature  of  this  compound  is  the  violet  colour 
obtained  on  reduction  with  sodium  dithionite  in  sodium  bicarbonate 
solution.  The  reduction  product  reacts  rapidly  with  atmospheric 
oxygen  and  on  shaking  the  solution  the  original  yellow  colour  is 
restored.  After  standing  a  short  time  this  again  becomes  violet  due 
to  reduction  by  the  excess  dithionite.  If  the  solution  is  again  shaken 
in  air  the  yellow  colour  returns  and  this  play  of  colours  can  be 
lepeated  many  times  until  all  the  excess  dithionite  has  been  used  up 

fame  cU„nHV  of : Z-acetyl-S-hydroxy-l  :4-naphthaquinone  under  the 
ame  conditions  gives  a  similar  violet  colour,  turning  yellow  on 

and  Walin’  C  ace'yl  *rOUP  is  evidem'y  implicated  2nd  Kuh2 

Cordeauxiaquinone  does  not  give  this  violet  colour. 
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compound  of  structure  (204)]  which  becomes  oxidized  when  extrac¬ 
ted  into  bicarbonate  solution  during  the  purification.  Spinochrome 
A  itself  is  not  converted  into  spinone  A  under  these  conditions214’240. 

Spinochrome  D  (209),  CnH807,  brownish-red  crystals  which  sublime 
at  285-295° 

0 


(209) 

From  700  g.  of  the  spines  of  Pseudocentrotus  depressus  (Ag.)  Kuroda  and 
Ohshima241  isolated  0*5  g.  of  the  crude  pigment.  It  was  originally 
named  spinochrome  Aka  (from  the  Japanese  name  of  the  animal 
Aka-Uni  meaning  red  urchin)  which  was  later  modified  to  Akaj 
when  the  presence  of  a  second  pigment  (Aka2,  m.p.  175-176°)  was 
announced244.  It  has  the  molecular  formula  CnH807243,  forms  a  tri¬ 
methyl  ether  (with  diazomethane),  a  penta-acetate  and  a  leucohepta- 
acetate242,  gives  a  reddish-purple  solution  in  aqueous  sodium 
hydroxide  and  is  soluble  in  sodium  bicarbonate  solution.  Structure 
(209)  is  therefore  most  probable  but  confirmatory  evidence  is 
necessary.  A  synthetic  quinone  of  this  structure,  having  the  same 
light  absorption  as  echinochrome  A,  was  obtained  in  solution  by 
Weygand  et  a/.246  after  demethylation  of  the  5: 6: 8-trimethyl  ethei, 

but  it  wras  not  isolated. 


Spinochrome  E 

This  has  recently  been  isolated  as  brown  needles,  m.p.  >  350  ,  from 
the  test  and  spines  of  P.  lividus  (Lam.)214.  It  has  not  been  identified. 

Spinochrome  F 

This  occurs  in  very  small  amount  in  the  spines  o^m^to 
mammilatus  (Linn.)  (the  Japanese  Futozoa-Um)  .  11  <° 

brownish-red  needles,  m.p.  229°,  having  the  empirical  fonmda, 
r  T-T  O  or  Dossiblv  C19Hfi08,  and  yields  a  leucoock a(?); acet; ate  . 
I?  may  prove  m  be  identical  with  one  of  the  other  spinochromes. 

Spinochrome  G  , 

This  is  another  pigment  isolated  by  Lcderer214  from  the  sp11*5  a 
test  of V  lividus  (Lam.).  It  forms  almost  black  crystals,  m.p.  >  340 
but  was  not  obtained  in  a  pure  state. 
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Spinochrome  M*,  C14H10O9,  brownish-red  crystals,  m.p.  193° 

This  occurs  together  with  spinochrome  N  in  the  spines  of  Antho- 
cidaris  crassispina  (Ag.)  the  Japanese  Murasaki-Uni  (Purple 
Urchin)241.  It  can  be  extracted  from  ether  with  bicarbonate  solution 
and  forms  a  reddish-purple  solution  in  aqueous  sodium  hydroxide. 
The  quinone  forms  a  penta-acetate247,  whilst  reaction  with  diazo¬ 
methane  yields  a  trimethyl  derivative242  which  in  turn  forms  a  tri¬ 
acetate247.  If  a  naphthazarin  structure  is  assumed,  the  presence  of 
an  alcoholic  group  may  be  inferred  as  there  appear  to  be  three 
hydroxyl  groups  (two  peri)  which  do  not  react  with  diazomethane, 
and  the  formation  of  a  trimethyl  derivative  can  be  accounted  for  by 
two  ring  hydroxyl  groups  and  a  carboxyl  group.  On  these  grounds 
Kuroda  and  Okajima247  propose  structure  (210)  for  this  compound, 
placing  the  side-chain  hydroxyl  group  on  the  a-carbon  atom  since 
treatment  with  methanol  and  50  per  cent  aqueous  hydrochloric  acid 


0 


OH 

chch-chco2h 

OH 


(210) 

yields  a  monomethyl  ether244  (cf.  alkannin).  This  structure  must  be 
regarded  at  present  as  extremely  tentative. 

>*200®°m<?  ^  ^211)’  CloH6°65  bright  red  crystals  which  sublime 


0 


OH 

OH 


0 


(211) 

Juk LS7USL  firs‘  from  ‘1*  spines  of  Hem, census 

fT  er  detec,ed  in  the  spines  of  ***** 

etal.***’  *45.248, 24»  As  the  letters  lLnHlUKP  hTe  B’  Bl  and  by  Kuroda 
tion  is  required  to  avoid  confusk>n  d  M  ^  n°W  been  allocated>  a  new  designa- 
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The  structure  has  been  determined  by  Kuroda  and  her  col¬ 
leagues242’243.  Analysis  indicated  the  molecular  formula,  C10H6O6, 
and  the  formation  of  a  tetra-acetate  and  a  /ewcohexa-acetate  showed 
it  to  be  a  tetrahydroxyquinone.  It  gives  an  unusual  yellow-green 
solution  in  aqueous  sodium  hydroxide.  The  formation  of  a  trimethyl 
ether  with  diazomethane  which  gives  a  red  colour  in  aqueous  sodium 
hydi'oxide  (partial  hydrolysis)  indicates  that  one  hydroxyl  group 
occupies  a  peri  position.  As  the  substance  is  soluble  in  aqueous 
sodium  bicarbonate  there  is  at  least  one  hydroxyl  group  in  the 
quinone  ring.  Of  the  four  possible  isomers  two  were  eliminated  when 
it  was  found  that  ozonolysis  of  the  trimethyl  ether  gave  a  hydroxy- 
methoxyphthalic  acid,  m.p.  171°.  Two  hydroxyl  groups  must  there¬ 
fore  be  attached  to  the  quinone  ring  and  since  the  acid  differs  from 


MeO 


Aco2h 

Vco2h 


HO 


C02H 

co2h 


(212) 


(213) 


the  known  acid  (212),  it  is  presumably  (213).  Spinochrome  N  is  thus 
(211),  closely  related  to  the  mould  pigment  flaviolin. 


Spinochrome  P,  C12H10O7,  deep,  garnet-red  plates,  m.p.  188° 

This  is  one  of  the  pigments  in  the  spines  of  P.  lividus  (Lam.)214’250. 
The  compound  is  isomeric  with  echinochrome  A  and  like  the  latter 
it  yields  a  hepta-acetyl  leuco  compound,  reacts  with  diazomethane  to 
form  a  trimethyl  ether  and  gives  a  blue  precipitate  with  methanolic 
lead  acetate;  on  the  other  hand  its  solution  in  aqueous  sodium 
bicarbonate  (brown-violet)  and  sodium  hydroxide  (violet)  *re 
different.  Musajo  and  Minchilli2^0  have  proposed  structure  (21  ). 
This,  or  a  tautomeric  form,  accords  with  most  of  the  limited  data 
available  except  that  the  formation  of  a  trimethyl  ether  with  diazo- 
methane  implies  that  the  side  chain  hydroxyl  group  takes  part  in  the 

reaction. 


(214) 
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Vitamin  k 

The  Vitamin  k  story  begins  in  1929  with  the  observation  by 
Dam251,  in  Copenhagen,  that  chicks  kept  on  a  diet  deficient  in  fats 
developed  a  haemorrhagic  disease;  later  McFarlane  et  al.2b2  noted  a 
similar  condition  in  chicks  fed  on  a  diet  containing  ether-extracted 
fish  meal.  Holst  and  Halbrook253  were  of  the  opinion  that  this 
haemorrhagic  tendency  was  due  to  a  lack  of  vitamin  c  but,  after 
further  work,  Dam254  was  convinced  that  the  disease  was  caused  by  a 
deficiency  of  a  hitherto  unrecognized  fat-soluble  factor  and  in  1935 
he  proposed255  the  name  vitamin  k  (Koagulations-Vitamin).  The 
first  crude  concentrates  of  the  vitamin  were  obtained  in  that  year  by 
ether  extraction  of  hog-liver  fat  by  Dam255  and  alfalfa  leaves  by 
Almquist  and  Stokstad256a.  In  1939,  Doisy  and  his  group268  isolated 
from  putrefied  fish  meal  a  second  compound  having  vitamin  k 
activity ;  following  their  suggestion,  this  is  now  known  as  vitamin  k2, 
the  alfalfa  product  being  vitamin  kv  Since  then  Tishler  and 
Sampson292  have  identified  vitamin  k2  in  the  autolysed  cells  of 
Bacterium  brevis  Migula,  and  Kofler294  has  re-examined  alfalfa.  He 


was  unable  to  detect  vitamin  kx  but  a  different  quinone,  m.p.  48-49°, 
was  isolated  which  was  only  feebly  active.  It  gave  a  positive  Dam- 
Karrer  test  and  appeared  to  be  a  tetra-alkylated-benzoquinone 
having  a  molecular  weight  c.  800.  Kofler  showed  spectroscopically 
that  this  substance  was  present  in  several  other  plants  and  the  bio¬ 
logical  studies  of  Dam,  and  others,  have  shown  that  active  substances 
(  vitamin  k’)  are  widespread  in  the  plant  kingdom.  It  must  be 
emphasized  however  that  vitamin  Kl  has  only  been  isolated  and 
identified  from  one  source,  namely  alfalfa,  and  nothing  is  known  of 
the  structure  of  the  active  substances  found  in  other  plants  which  may 
or  may  not,  be  vitamin  kv  Likewise  it  cannot  be  assumed  that  all 
active  substances  derived  from  bacteria  are  identical  with  vitamin 
2,  indeed  Francis  et  al 4 7  have  isolated  a  new  vitamin,  having  a  simi- 
ar  absorption  spectrum  but  a  higher  molecular  weight,  from  Myco 

notaK  0SU  and  u{'fu  ei'  G''een  P‘ants  are  a  rich  source  °f ‘vitamin  k' 
pine  ’ZZTl;  if  eSt?Ut’  cabbap  and  nettle  leaves,  alfalfa,  and 
nhvll  1  tk  '  perhaps  significant  that  vitamin  k,  and  chloro- 
phy  1  both  possess  a  phytyl  group  and  both  are  found  in  the  chloro- 
plasts.  Some  indication  that  the  formation  of ‘vitamin  k*  is  related  to 

and  Erkfm515  TJ,*8  ^  ',he  exPeriments  of  Dam  and  Glavind** 

dark  contained  very  much  less  a f  ^  pe3S  ?r°'™  in 

light.  According  to  Dam  et  al  thf  ‘  Vh  ^  gr°Wn  in  the 

proportional  to  the  chlorophyll  content  K  rC2nCentratlon  is 

Carr.  (Caniferae)  however  were  able  io  synthes^  a^Tp pZtt 
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amount  of  active  substance  in  the  dark.  Unfortunately  it  is  not 
known  whether  the  active  principle  in  these  plants  contains  a  phytyl 
group.  Again,  in  carrots,  only  the  tops  show  ‘vitamin  k’  activity, 
mushrooms,  which  lack  chlorophyll,  contain  very  little,  and  fungi 
and  micro-organisms  in  general  are  practically  devoid  of ‘vitamin  k’. 

Moderate  amounts  of  ‘vitamin  k’  are  distributed  throughout  the 
animal  body257*258;  variable  quantities  occur  in  egg  yolk257a>261  and 
a  very  little  in  milk262.  Almquist  and  Stokstad256  noticed  that 
various  protein  foods  developed  vitamin  k  activity  when  stored  in  a 
moist  state,  and  further  work  in  the  same  and  other  laboratories 
established  that  many  bacteria  (e.g.  M.  tuberculosis ,  Micrococcus 
pyogenes  v.  aureus ,  Escherichia  coli)  were  able  to  produce ‘vitamin  k’ even 
when  grown  on  a  synthetic  medium263.  This  bacterial  action 
accounts  for  the  high  potency  of  putrefied  fish  meal  and  of  faeces268, 
the  intestinal  bacteria  being  responsible  in  the  latter  case. 

In  consequence  of  the  wide  distribution  of  ‘vitamin  k  dietary 
deficiency  in  man  is  rare  but  a  deficiency  may  result  from  inadequate 
intestinal  absorption  as  in  cases  of  obstructive  jaundice  and  biliary 
fistula.  A  haemorrhagic  tendency  is  not  uncommon  amongst  new¬ 
born  babies  owing  to  the  low  ‘vitamin  k’  content  of  mother’s  milk 
and  the  absence  of  intestinal  bacteria  immediately  after  birth.  The 
presence  of  vitamin  k  is  essential  for  the  production  of  plasma  pro¬ 
thrombin  which  plays  an  important  part  in  the  coagulation  of  blood. 
A  deficiency  of  vitamin  k  results  in  a  low  prothrombin  level  which 
leads  to  a  prolonged  clotting  time  with  concomitant  subcutaneous 
and  internal  haemorrhages.  This  condition  is  remedied  by  the 
administration  of  compounds  having  vitamin  k  activity.  The  term 
‘anti-haemorrhagic  vitamin’  is  a  misnomer  as  vitamin  k  does  not 
arrest  haemorrhage  in  normal  persons  nor  in  cases  of  haemophilia 


or  other  bleeding  diseases. 

Numerous  other  compounds  have  been  found  to  possess  vitamin  k 
activity  including  a  number  of  naturally  occurring  naphthaquinones. 
The  most  potent  is  2-methyl- 1 :4-naphthaquinone  which  is  two  to 
three  times  as  active  as  vitamin  Kl>  on  a  weight  basis  and  of  com- 
narable  activity  on  a  molar  basis.  It  has  been  suggested  on  the  one 
hand  that  vitamin  K,  is  synthesized  in  vivo  from  2-methylnaphtha- 
quinone271  and  on  the  other  hand  that  vitamin  K,,  and  k2  are  initially 
degraded  to  2-methyl-l  :4-naphthaqmnone  within  the  organism  . 
Whatever  the  truth  of  the  matter  2-methylnaphthaqumone  has 
received  official  recognition286  for  therapeutic  use  and  is  now 
emffioved  under  the  names,  menaphthone  (U.K.)  and  menadione 
(US  A)  A  methyl  group  at  C-2  is  an  essential  requirement  for  high 
‘  oten^y!  2 ethyliphytyH :  4-naphthaquinone  being  very  much  less 
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active  and  it  appears  that  an  unsubstituted  benzene  ring  is  also 
necessary  since  2:6  and  2:  7-dimethyl-,  and  2: 6-dimethyl-3-phytyl- 
naphthaquinone  are  virtually  inactive272.  2-Methyl- 1 : 4-naphtha- 
quinol  and  related  compounds  are  also  active,  and  water-soluble 
derivatives — e.g.,  the  diphosphate  and  diglucoside — are  used  for 
intravenous  injection ;  2-methyl-4-naphthaquinone-3-sulphonic  acid 
has  also  the  advantage  of  water-solubility. 

Vitamin  k3  (a-phylloquinone)  (215),  C31H4602,  a  light  yellow  oil 
It  crystallizes  on  cooling  a  solution  in  acetone  or  alcohol  to  — 78°, 
forming  light  yellow  rosettes,  melting  at  c.  — 20°  into  a  yellow  oil 
and  solvent. 


Me  Me  Me  Me  Me 

CH2CH=C(CH2)3  C  H(C  H2)3CH(CH2)3CH  Me 


(215) 

The  pure  vitamin  was  first  isolated  by  Doisy  et  a/.264  by  repeated 
chromatography  of  light  petroleum  extracts  of  dried  alfalfa  leaf, 
Medicago  saliva  Linn.  (Leguminosae) .  Final  purification  was  effected 
by  molecular  distillation  and  crystallization  from  absolute  ethanol 
or  acetone,  cooled  to  — 78°.  A  little  earlier  a  highly  potent  prepara¬ 
tion  had  been  obtained  by  a  combined  team  of  Swiss  and  Danish 
workers  using  similar  methods269;  the  purity  of  this  sample 
measured  spectroscopically,  was  c.  50  per  cent.  It  was  subsequently 
shown  by  Fieser274  that  the  vitamin  could  be  more  conveniently 
isolated  from  alfalfa  concentrates  in  the  form  of  its  leuco  compound 
so  avoiding  the  difficulties  which  arise  due  to  the  sensitivity  of  the 
quinone  to  light,  alkali  and  various  adsorbents. 

In  the  history  of  vitamin  k,  the  year  1939  is  of  outstanding 
r„P?  .. In  that  ><;ar  a  Period  of  intense  chemical  activity 

he  first  1  me  T:  *  PUni  Spedme"  °f *he  vitamin  ™s  isolated  for 
he  fust  time  its  structure  was  established  by  degradative  methods 

and  was  confirmed  by  synthesis  in  four  different  laboratories  three 
yntheses  appeanng  in  a  single  issue  of  the  Journal  of  the  American 
Chemrcal  Soaety  Complete  evidence  for  the  structure  was  obTaffied 
by  Doisy  and  his  associates265*266. 268a  u  j 

18  n°W  hydrogenated  it  absorbs  one  mole  of  hydrogen!  betomel 
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colourless,  and  again  turns  yellow  on  exposure  to  air.  This  behaviour 
and  the  lability  of  the  vitamin  towards  light  and  alkali  are  in  accord 
with  a  quinone  structure,  and  this  was  confirmed  by  the  formation  of 
a  /^Hcodiacetate  on  reductive  acetylation.  It  later  became  clear  that 
a  benzenoid  ring  and  a  side-chain  double  bond  were  saturated 
during  the  hydrogenation;  reduction  of  the  ring  can  be  avoided  by 
using  a  Raney  nickel  catalyst275.  A  clear  indication  of  the  1:4- 
naphthaquinone  structure  of  the  vitamin  came  from  its  ultra-violet 
absorption  spectrum  which  was  supported  by  the  discovery  that 
vitamin  k  activity  was  common  to  a  number  of  such  compounds 
whereas  other  quinones  were  inactive267.  A  negative  Craven  test 
implied  that  positions  C-2  and  C-3  were  substituted  and  this  was 
established  by  a  chromic  acid  oxidation  which  yielded  phthalic  acid 
along  with  a  yellow  quinone  acid  identified  as  (216).  A  similar 


OAc 

WcH^°^H 

OAc 


Me  Me  Me 

i  I  ' 

Me  CO(CH2)3  CH(CH2)3CH(CH2)3CHMe 


(216)  (217)  (218> 

oxidation  of  the  dihydrovitamin  diacetate  gave  a  mixture  of  pro¬ 
ducts  from  which  the  corresponding  acid  (217)  was  isolated,  whilst 
the  neutral  fraction  contained  a  liquid  ketone.  This  was  more  con¬ 
veniently  obtained  by  ozonolysis  of  the  /mrodiacetate  and  proved  to 
be  2:6:1 0-trimethylpentadecan- 1 4-one  (218).  Its  identity  was 
established  by  comparison  of  the  semicarbazone  with  an  au*hentic 
specimen  prepared  by  oxidation  of  phytol.  The  double  bond  in  t  e 
side  chain  is  therefore  located  py  to  the  quinone  ring  and  these 
degradation  products  show  conclusively  that  vitamin  k,  has  the 
structure  2-methyl-3-phytyM  :4-naphthaqumone  (215) 

The  St.  Louis  group  completed  their  researches  by  a  synthesis 
of  the  dihydrovitamin  diacetate.  This  was  achieved  by  a  Claisen 
alkylation  of  2-methylnaphthaquinol  in  which  the  monosodiu 
salt  was  treated  with  phytyl  bromide  in  dry  benzene.  Subsequent 
aerial  oxidation  gave  a  red  oil  which,  after 

reductively  acetylated  to  give  a  («c«d, acetate  . den.  cal  m  all  r«pe 
with  that  obtained  from  the  natural  product.  At  the  sam 
alternative  procedure  was  announced  by  Almquist  and  k  o 
ImineTthe  synthetic  vitamin  by  refluxing  a  mixture  of  2-methy 1- 
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and  finally  purified  by  repeated  crystallization  from  methanol 
at  a  low  temperature.  A  bio-assay  showed  the  synthetic  product 
to  be  almost  as  potent  as  the  natural  vitamin.  Prior  to  the  publi¬ 
cation  of  Doisy’s  degradative  work,  Fieser  and  his  collaborators  had 
reached  the  conclusion  that  the  vitamin  was  a  2: 3-dialkyl- 1 : 4- 
naphthaquinone  and  they  suggested  specifically273  that  the  structure 
might  be  2:6( ?)-dimethyl-3-phytyl-l : 4-naphthaquinone  (or  the  2- 
monomethyl  compound  as  the  analyses  did  not  distinguish  between 
^■32^48^2  and  C31H4602)  on  the  basis  of  the  published  data,  on 
biogenetical  grounds  and  on  their  independent  finding272  that 
2:3-disubstituted-naphthaquinones,  especially  2: 3-dimethyl- 1 :4- 
naphthaquinone,  showed  vitamin  k  activity.  Fieser  proceeded  to 
test  this  hypothesis  by  synthetical  methods.  After  preliminary  trials 
of  alternative  routes,  using  model  compounds,  2-methyl-3-phytyl- 
1 : 4-naphthaquinone  was  prepared271>274ky  condensing  phytolwith  a 
laige  excess  of  2-methylnaphthaquinol  in  hot  dioxan  in  the  presence 
of  oxalic  acid  (or  alternatively,  trichloroacetic  acid).  The  excess 
methylnaphthaquinol  was  removed  by  extraction  from  ether  with 
dilute  alkali  and  the  much  less  acidic  dihydrovitamin  was  isolated  by 


precipitation  with  light  petroleum  and  then  oxidized  with  silver 
oxide.  The  synthetic  vitamin,  obtained  in  29  per  cent  yield,  was 
found  to  have  the  same  activity  as  the  natural  product  and  it  was 
used  successfully  in  a  clinical  trial.  In  condensations  of  this  type 
experience  in  the  synthesis  of  tocopherols273  has  shown  that  cycli- 
zation  can  readily  occur  by  interaction  of  the  side-chain  double  bond 
and  the  neighbouring  hydroxyl  group,  and  Fieser’s  reaction  rnnHi. 


HO 


Me 


Phytyl 
♦  H* 


(220) 


(219) 
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In  a  recent  version  of  Fieser’s  synthesis  this  side  reaction  is  avoided 
by  using  the  1 -monoacetate  of  2-methylnaphthaquinol,  and  when 
oxalic  acid  is  replaced  by  anhydrous  potassium  hydrogen  sulphate, 
or  better  still  boron  trifluoride  etherate,  yields  as  high  as  66  per  cent 
are  obtained279.  Another  variation,  due  to  Fieser  and  Gates39  is  the 
formation  of  vitamin  kx  by  condensation  of  dihydrophthiocol  with 
phytol.  This  appears  to  be  a  general  method  for  introducing  allyl 
groups  although  yields  are  somewhat  low  no  doubt  because  substi¬ 
tution  also  occurs  at  C-2. 


Me 

1  H  + 

+  C,6H33C=CHCHPH 


0 


K, 


So  far  only  the  American  synthetic  work  has  been  discussed  and 
the  Swiss  investigations  must  now  be  considered.  Isler280  obtained 
vitamin  Kj  by  condensing  2-methylnaphthaquinol  with  phytyl  ace¬ 
tate  in  the  presence  of  zinc  chloride.  This  was  reported  in  a  patent 
application  filed  at  the  same  time  as  the  preliminary  communi¬ 
cations  of  the  American  syntheses  were  submitted.  More  recently, 
an  improved  synthesis  using  boron  trifluoride  catalysts  has  been 
patented281.  Following  the  observation282  that  natural  phytol  is 
slightly  optically  active,  Karrer,  Simon  and  Zbinden283  synthesized 
vitamin  kx  (essentially  by  Fieser’s  original  method)  using  natuial 
phytol  and  showed  that  their  product  was  also  optically  active 
having  a  small  specific  rotation  (in  benzene)  of  —  0-4°(±O04°).  Ten 
years  later  another  synthesis,  by  Isler  and  Doebeb84  yielded  vitamin 
K  with  a  total  absence  of  optical  activity.  In  this  modification 
phytol  was  replaced  by  synthetic  wophytol  (221)  and  boron  tn- 
fluoride  etherate  was  used  as  condensing  agent.  It  was  established 
by  degradative  experiments  that  the  product  had  the  correct  vitamin 


(222) 

(221) 

K  structure  (as  a  result  of  an  allylic  rearrangement)  and  was  not 
the  isomer  (222).  On  reductive  acetylation  it _  gave  an  J 

diacetate  which  refused  to  crystallize  whereas  the  corresponding 

•natural’  derivative  separates  in  needles,  m.p.  62-63  , 
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difficulty.  When  the  same  derivative  was  prepared  from  a  sample  of 
the  vitamin  synthesized  from  ‘natural  uophytol’  it  also  crystallized 
normally  and  the  previous  difficulty  was  evidently  due  to  the  forma¬ 
tion  of  a  racemic  mixture.  The  ‘natural  trophytol’  was  prepared  from 
natural  phytol  as  shown  below,  in  a  manner  which  did  not  disturb 
the  two  asymmetric  centres.  Suitably  modified  for  small  scale  work, 

fjle  Me  Me 

Ckh33— C=CHCH2OH  NaffiNff;  C^C-C^CH 

OH 


H 


/Lindlar 
catalyst 


Light  petroleum 


► 


Me 

^"16^33  ^  CH— CH2 
6h 


this  method  using  synthetic  uophytol  has  recently  been  employed  to 
obtain  vitamin  k2  labelled  with  14C  in  the  2-methyl  group285. 


Reference  has  been  made  to  the  alkali-instability  of  vitamin  k2. 
When  its  solution  in  alcohol  is  treated  with  alcoholic  potassium 
hydroxide  (originally  sodium  ethoxide269)  a  transient  purple  colour 
develops,  especially  on  warming,  which  changes  to  a  dull  red-brown. 
This  is  known  as  the  Dam— Karrer  test  and  Karrer287  suggested  that 
the  mesomeric  ion  (223)  was  responsible  for  the  purple  colour  by 
analogy  with  the  work  of  Liebermann289  who  had  shown  that 


(223) 


(225) 


^  alkali.  This 

unsubstituted  position  develnn  nil  ,  C  cluinones  having  an 
alcoholic  ^  t*?*ed  Wi‘h 

to  the  quinone  affords  a  mesomeric  anion  e  g  (225)  wh'  °  '  !?"" 

the  colour.  Fieser  el  * noted  that  a.l^Si 
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the  same  blue  or  violet  colouration  in  alkali  and  they  showed  that  the 
final  red-brown  colour  was  due  to  the  replacement  of  an  allyl  group  by 
hydroxyl.  The  end  product  of  the  Dam-Karrer  test  is  thus  phthiocol. 

Vitamin  2  (226),  C41H5602,  light  yellow  plates,  m.p.  53-5-54-5° 


(226) 

The  second  k  vitamin  was  isolated  by  the  St.  Louis  group-68  from 
putrefied  fish  meal.  Fish  meal  was  wetted  and  allowed  to  putrefy  at 
32-40° :  it  was  then  dried,  extracted  with  light  petroleum,  and  the 
extracts  were  concentrated  by  chromatography  and  finally  ciystal- 
lized  from  chloroform-methanol.  More  recently  vitamin  k2  has  been 
found  in  cultures  of  B.  brevis 292.  Ether  extraction  of  autolysed  bacilli 
yielded  an  oily  residue  which  was  worked  up  according  to  Fieser  s 
procedure  for  alfalfa  concentrates  and  the  dihydrovitamin  reoxidised 
with  silver  oxide. 

The  structure  of  this  vitamin  was  also  determined  by  Doisy  and 
his  colleagues266-26841’291.  In  its  general  behaviour  it  is  very  similar  to 
vitamin  k4  being  unstable  towards  light  and  alkali,  and  on  hydro¬ 
genation  (platinum  catalyst)  it  absorbs  nine  moles  of  hydrogen  The 
/m:odiacetate,  reduced  in  the  same  way,  takes  up  eight  moles  ot 
hydrogen  and  since  it  will  also  add  on  six  moles  of  bromine  there 
must  be  six  double  bonds  in  the  side  chains;  the  extra  hydrogen 
atoms  which  are  taken  up  saturate  a  benzene  ring.  As  the  fig 
absorption  of  both  vitamins  was  very  similar,  and  this  was  also  true 
of  their  kweodiacetates,  the  fish  meal  product  was  clearly  a  1:  - 
naphthaquinone  derivative.  No  useful  results  were  obtained  by 
chromic  acid  oxidation  and  only  phthalic  acid  could  be  isolated 
after  degradation  with  potassium  permanganate  in  acetone, 
important  step  in  the  elucidation  of  the  structure  of  vitamin  K,  was 

OAc 


SSStSKSSSMBSg-s:- 

no  aromatic  fragment  was  identtfied.  Later,  this  expenme 
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repeated  and  treatment  of  the  ozonide  with  zinc  dust  in  ether 
enabled  the  aldehyde  (227)  to  be  isolated.  It  was  then  found  that 
the  same  aldehyde  was  obtained  when  the  /ewrodiacetate  of  vitamin 
k2  was  subjected  to  ozonolysis.  The  water  soluble  products  of  the 
ozonolysis  comprised  laevulinic  aldehyde  (almost  5  moles)  and 
acetone.  Since  these  fragments  give  a  total  of  forty-one  carbon 
atoms  the  molecular  formula  C41H5602  was  verified  and  Doisy  et  al. 
proposed  structure  (226)  for  vitamin  k2.  This  formula,  with  a  side 
chain  at  C-3  comprising  six  isoprene  units,  or  two  farnesyl  radicals 
linked  head  to  tail,  is  in  harmony  with  all  the  facts.  It  has  not  been 
synthesized. 
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ANTHRAQUINONES 


This  group  of  natural  quinones  is  by  far  the  largest.  About  half  the 
total  number  occur  in  higher  plants,  especially  in  the  Rubiaceae 
which  were  studied  intensively  by  A.  G.  Perkin114a  at  the  turn  of  the 
century,  and  most  of  the  remainder  are  fungal  products  known  to  us 
mainly  through  the  work  of  Raistrick160.  Rubiaceous  plants  fre¬ 
quently  contain  useful  mordant  dyes,  a  fact  which  was  appreciated 
in  many  parts  of  the  world  many  centuries  ago  and  indeed  anthra- 
quinones  are  the  most  ancient  and  most  valuable  of  natural  dye¬ 
stuffs.  Another  group,  found  among  the  Rhamnaceae,  Polygonaceae , 
and  other  families,  are  constituents  of  well-known  and  long-used 
purgative  drugs. 

In  both  fungi  and  higher  plants  anthraquinones  commonly  occur 
as  complex  mixtures,  and  minor  constituents  of  unknown  structuie 
are  mostly  disregarded  in  this  chapter.  A  few  isolated  pigments 
which  are  alleged  to  be  anthraquinones,  on  very  flimsy  evidence,  are 
also  ignored.  The  natural  anthraquinones  show  less  structural 
variety  that  the  benzoquinones  or  naphthaquinones  and  they  nearly 
all  conform  to  a  simple  polyhydroxy (methoxy)-anthraquinone 
pattern  with,  or  without,  a  one-carbon  side  chain  at  a  ^-position. 
This  is  usually  a  methyl  group  but  it  may  occur,  sometimes  in  the 
same  organism,  in  a  higher  state  of  oxidation  e  g.  the  following 
pigments  are  elaborated  by  the  lichen  Xanlhona  fallax  (Hepp.)Arn., 


OH 


Me 

OH 


OH 


CH2OH 

OH 


Damnacanthal 


Munjistin 


0 

Rubiadin 


0 

Lucidin 
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Within  the  general  pattern,  certain  regularities  are  discernible:  all 
fungal  anthraquinones  save  two  (4-hydroxy-2-methylanthraquinone 
and  boletol),  contain  two  a-hydroxyl  (or  methoxyl)  groups  at  posi¬ 
tions  1:8;  anthraquinones  with  hydroxyl  groups  at  positions  1 : 2,  or 
hydroxyl  or  other  substituents  at  positions  1:2:3  occur  frequently  in 
higher  plants  but  not  in  fungi,  although  the  latter  type  has  been 
found  in  lichens;  as  might  be  expected,  the  arrangement  of  substi¬ 
tuents  in  anthraquinones  occurring  in  a  particular  genus  is  restricted. 
Thus  the  source  of  a  new  anthraquinone  gives  some  indication  of  its 
structure  and  a  considerable  amount  of  information  concerning  the 
details,  i.e.,  the  arrangement  of  substituents,  can  be  learnt  from 
simple  tests  and  colour  reactions.  /5-Hydroxyl  groups  are  more 
acidic  than  those  in  the  a-position  whilst  the  reactivity  of  the  latter 
is  restricted  by  intramolecular  hydrogen  bonding.  1 : 4-Dihydroxy- 
anthraquinones  usually  fluoresce  in  acetic  acid  solution,  and  the 
coloration  given  with  alkalis  and  with  alcoholic  magnesium  ace¬ 
tate199  often  provides  a  clue  to  the  arrangement  of  the  hydroxyl 
groups.  If  such  data  is  supplemented  by  spectroscopic  evidence  it 
may  be  possible  to  define  the  structure  within  narrow  limits. 

Anthraquinone  (1),  C14H802,  pale  yellow  needles,  m.p.  286° 


0 


0 

(1) 


shale  localized  at  the  fracture  sur- 
by  chloroform.  Only  14  mg.  were 
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available  for  examination.  It  was  found  that  graebeite  was  a  mixture 
of  two  pigments,  a  and  b,  of  which  graebeite  a,  the  major  component, 
appeared  to  be  a  polyhydroxyanthraquinone  having  the  molecular 
formula  C17H1408,  C18H1408  or  C18H16Og.  This  substance  crystal¬ 
lized  in  red  prisms,  m.p.  c.  250°  and  its  red  alkaline  solution  was  easily 
reduced  by  sodium  dithionite  and  re-oxidized  by  air.  The  ultra¬ 
violet  absorption  spectrum  resembled  those  of  known  penta-  and 
hexahydroxyanthraquinones  and  it  behaved  as  a  polygenetic  mor¬ 
dant  dye  on  wool.  On  vacuum  distillation  graebeite  a  appeared  to 
lose  an  alkyl  or  alkenyl  group  forming  a  compound,  C14H8Og,  m.p. 
245°,  possibly  a  hexahydroxyanthraquinone.  No  further  information 
is  available  and  the  origin  of  this  material  remains  obscure.) 

Recently  Kirby  &  White327  have  shown  that  anthraquinone  is 
one  of  the  minor  constituents  of  Quebracho  tannin  extract  (from  the 
heartwood  of  Qiiebtachia  Loventzu  Engl.  [Anacafdiaccae)) .  Although  it 
could  only  be  isolated  once  they  obtained  evidence  indicating  that 
it  was  usually  present  in  this  and  in  other  tannin  extracts,  e.g.  Wattle 
extract  from  the  bark  of  Acacia  decurrens  Willd.  (Leguminosae). 


Tectoquinone  (2),  C15H10O2,  almost  colourless  needles,  m.p.  177-179° 


This  quinone  was  first  isolated  from  teak  wood  Teclona ■  grants  Lmn. 
(Verbenaceae)  by  Romanis3  and  was  identified  by  Kafuku  and  Sebe 
t  can  be  obtained  by  solvent  extraction  or  by  dry  distillation  of 
the  wood.  The  tar  obtained  by  the  second  method  also  con- 
tained  2-methyl-anthracene. 


2-Hydroxyanthraqmnorw  (3),  C14H803>  yellow  needles,  m.p.  30G 


This  is  the  simplest  of  the  group  of  closely  related  an.hraquinones 

160 


ANTHRAQUINONES 

which  occur  in  chay  root  or  Indian  madder,  Oldenlandia  umbellata 
Linn.  ( Rubiaceae)h~ 7,  formerly  cultivated  in  India  for  use  in  dyeing. 

3-Hydroxy-2-metfylanthraquinone  (4),  C15H10O3,  yellow  needles,  m.p. 


The  yellow  bark  of  the  New  Zealand  tree  Coprosma  lucida  Forst. 
( Rubiaceae )  contains  a  large  number  of  anthraquinones.  The  pigments 
may  be  extracted  with  hot  benzene  from  which  the  major  product 
lucidin  (p.  169)  crystallizes  on  cooling.  Chromatography  on  mag¬ 
nesia  columns  then  separates  the  minor  constituents,  one  of  which  is 
3-hydroxy-2-methylanthraquinone8.  The  same  compound  probably 
occuis  in  the  bark  of  C.  acerosa  A.  Cunn9.  The  quinone  can  be 
obtained  synthetically  by  condensation  of  o-cresol  with  phthalic 
anhydride,  the  separation  of  isomers  presenting  no  difficulty10. 

^~fydroxy-2-methylanthraqumone  (5),  C15H10O3,  yellow  needles,  m.p. 


Me 


0 

(5) 


OH 


Pachybasium  candidum  (Sacc.)  Peyronel  elaborates  a  mixture  of  pie- 

T,T  H  nhCn  gr°Wr!  °n  a  malt-glucose-agar  medium.  Shibata  and 
akido  separated  two  of  these  by  ether  extraction  of  the  dried 
ycelium  and  chromatography  of  the  fraction  insoluble  in  aqueous 
sodium  carbonate.  One  was  identified  as  chrysophanic  acid  and  the 
o  er  proved  to  be  (5),  the  simplest  fungal  anthraquinone  yet  known 

TS  reC°gnized  after  inversion °tc>e  I-hydroxy. 

anthraqumone  by  chromic  acid  oxidation  (to  a  carboxvhtdroxl 
anthraquinone)  and  decarboxvlati™  t,  •  V  ^rooxynydroxy- 
thesizeffiov^m  ♦  aecartloxyIation.  It  is  most  conveniently  sVn- 

in  fused  a.uL„iumCS~^XrS^h  PhthaMC  anHydride 
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Alizarin  (6),  C14H804,  orange-red  needles,  289-290° 


0 


(6) 


Alizarin  is  the  principal  colouring  matter  of  madder,  the  ground 
root  of  Rubia  tinctorum  Linn.  ( Rubiaceae )12.  This  is  one  of  the  most 
ancient  of  natural  dyestuffs  and  in  its  heyday  was  probably  the  most 
important  of  all.  The  art  of  dyeing  madder  appears  to  have  origi¬ 
nated  in  the  East,  passed  to  the  ancient  Persians  and  Egyptians,  and 
thence  to  the  Greeks  and  Romans24.  When  dyed  on  aluminium- 
mordanted  cotton,  madder  gives  the  famous  Turkey  Red,  much 
favoured  in  the  past  for  military  uniforms,  whilst  its  polygenetic 
character  was  a  great  boon  to  the  calico  printer.  The  plant  was 
widely  cultivated  in  Western  Europe  from  the  Middle  Ages  until  the 
advent  of  synthetic  alizarin25.  The  pigment  occurs  in  the  fresh 
madder  root  as  its  primveroside,  ruberythric  acid,  which  is  also 
present  in  other  Rubiaceae ,  notably  chay  root  or  Indian  maddei 
(i Oldenlandia  umbellata  Linn.5-6).  The  dyeing  properties  of  the  latter 
are  similar  to  madder  although  it  never  gained  acceptance  in  Europe. 
The  roots  of  various  Galium  spp.  (bedstraws)  have  been  used  in  the 
past  as  dyestuffs;  the  principal  pigment  in  these  plants  is  pseudo- 
purpurin  (as  its  primveroside)  but  ruberythric  acid  has  also  been 
detected14.  Other  sources*  are  Asperula  ciliata  Rochel  ,  Crucianella 


maritima  Linn.15  and  rhubarb16.  .  .  .  QOC  , 

The  chemical  investigation!  of  alizarin  began  m  1826  when 
impure  material  was  first  isolated  from  madder  by  Colm  and 
Robiquet12.  The  later  work  of  Graebe  and  Liebermann  '  on  its 
constitution  and  synthesis  is  one  of  the  classics  of  organic chemistry 
By  the  new  procedure  of  zinc-dust  distillation  they  showed  that 
alizarin  could  be  reduced  to  anthracene  and  from  a  comparison  with 
other  quinonoid  compounds  studied  by  Graebe18  they  deduced  t  at 

*  The  shell  of  the  crayfish  conUms  a  red  addffiitYon^  ThTs 

solution  in  aqueous  sodium  hydrox  d  ,  p  g  present  but  further 

evidence  hardly  warrants  is^.^  ^  ^  poly_ 

hydro^n^hthaquinones  found of  Alizarin,  A.  Wahl, 

J.  chem.  Educ.  7  (1930)  2609. 
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it  was  a  dihydroxy  derivative  of  anthraquinone,  at  that  time  a  new 
compound.  They  immediately  proceeded  to  verify  this  hypothesis  by 
synthesis.  In  the  knowledge  that  two  of  the  halogen  atoms  in 
chloranil  could  be  replaced  by  hydroxyl  groups  on  treatment  with 
alkali,  they  prepared  a  dibromoanthraquinone  assuming  that  it 
would  behave  in  the  same  way,  being  also  a  halogenoquinone,  and 
on  fusion  with  sodium  hydroxide  it  yielded  alizarin,  identical  with 
the  natural  material  obtained  from  madder.  This  was  achieved  in 
1868.  The  astonishing  success  of  this  reaction  could  not  be  appreci¬ 
ated  until  the  chemistry  was  more  fully  understood  but  its  signifi¬ 
cance,  as  the  first  laboratory  synthesis  of  a  natural  pigment  was 
immediately  recognized,  not  least  by  the  authors  themselves.  The 
position  of  the  two  hydroxyl  groups  was  demonstrated  later  by  the 
condensation  of  phthalic  anhydride  and  catechol  which  gave  a  mix¬ 
ture  of  alizarin  and  hystazarin,  and  by  the  fact  that  both  alizarin  and 
quinizarin  can  be  oxidized  to  form  purpurin  (1:2: 4-trihydroxy- 
anthraquinone),  whence  it  follows  that  alizarin  must  be  1:2- 
dihydroxyanthraquinone  (6) . 


Graebe  and  Liebermann  patented  their  synthesis  but  owing  to  the 
cost  of  bromine  it  was  too  expensive  for  commercial  exploitation. 
An  alternative  process  was  soon  developed  based  on  the  alkali  fusion 
of  anthraqumonesulphonic  acid  and  this  was  also  patented  by  Caro, 
Graebe  and  Liebermann  in  1869,  one  day  ahead  of  W.  H.  Perkin 
who  had  discovered  the  same  process!  However  an  amicable 


au&auu  on  aixan  lusion  was  a  monos 
dation  takes  place  during  the  course  of  the 
nized  that  the  first  step  is  a  nucleophilic  su 


ision  was  a  monosulphonic  acid  so  that  oxi- 
the  course  of  the  reaction.  It  is  now  recog- 
a  nucleophilic  substitution  by  hydroxyl  ion 


0 


0 


0 


0 
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in  which  hydride  ion  is  displaced,  and  to  prevent  reduction  of  the 
quinone  by  the  latter  the  process  was  later  modified  by  the  addition 
of  an  oxidizing  agent,  such  as  sodium  nitrate  or  chlorate,  to  the 
melt19.  The  brominated  compound  which  Graebe  and  Liebermann 
used  in  their  original  synthesis  was  actually  2 : 3-dibromoanthra- 
quinone,  and  the  conversion  of  this  into  alizarin  probably  follows 
the  above  mechanism,  with  the  modification  that  the  bromine  atom 
at  C-3  is  displaced  by  the  hydride  ion  liberated  in  the  first  step. 
Numerous  other  syntheses  of  alizarin  have  since  been  devised20. 

Pure  ruberythric  acid,  C25H26013,  was  isolated  from  madder  as 
yellow  needles,  m.p.  258-260°,  by  Rochleder12  in  1851,  and  was  one 
of  the  first  glycosides  obtained  in  a  crystalline  state.  Its  structure 
was  in  doubt  for  many  years  until  Richter21  identified  the  sugar 
obtained  by  enzymatic  hydrolysis  as  primverose.  Methylation  of 
ruberythric  acid  with  methyl  iodide  and  silver  oxide,  and  subsequent 
hydrolysis,  afforded  alizarin- 1 -methyl  ether.  This  proved  that  the 
sugar  residue  was  attached  to  the  2-hydroxyl  group  and,  as  hydroly¬ 
sis  can  be  effected  by  ^-glucosidases21-22,  the  linkage  to  the  aglycone 
has  the  usual  ^-configuration.  The  glycoside  is  therefore  alizaiin-2- 
/3-primveroside  which  Zemplen  and  Bognar  finally  synthesized  from 
alizarin  and  acetobromoprimverose. 

Alizarin- 1  -methyl  ether  (7),  C15H10O4-H2O,  orange-yellow  needles, 
m.p.  178-179° 


Alizarin- 1 -methyl  ether  is  a  minor  constituent  of  the  root  of  the 
following  Rubiaceae :  Oldenlandia  umbellata  Linn^>b,  Mormrfa  longi- 
flora  G  Don26,  M.  citrifolia  Linn.27,  and  possibly  Rubia  te tragona 
Schunb»,  and  A  alJdes( Spreng.)  Schun, .«  On  demethylaUon 
which  can  be  accomplished  by  boiling  an  aqueous  solution  of  the 
barium  salt,  it  affords  alizarin.  Direct  methylation  of  alizarin  wit 
various  reagents  gives  the  2-methyl  ether  which  is  different  from  the 
natural  product:  further  methylation  of  the  strongly  chelated  - 

ss.ssssrf.s: 

product  *80  per  cent)  0  the  acetate  cl  alitaiia-l'-in-ihcl  ether 
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as  a  result  of  rearrangement30  (see  p.  93).  A  similar  migration  takes 
place  on  methylation  of  alizarin-2-benzoate  and  2-ethyl  carbonate 
with  diazomethane  but  the  2-toluene-/>-sulphonate  behaves 
normally31. 

Hystazarin  monomethyl  ether  (8),  C15H10O4,  orange-yellow  leaflets,  m.p. 


236° 


0 


0 

(8) 


Perkin  and  Hummel6’7  isolated  a  small  amount  of  this  minor  con¬ 
stituent  of  chay  root  from  2  cwt.  of  plant  material.  It  contains  one 
methoxyl  group  and  yields  hystazarin  on  demethylation.  Syntheti¬ 
cally  it  is  obtained  by  partial  demethylation  of  hystazarin  dimethyl 
ether  which  is  prepared  by  cyclization  of  2- (3 :4-dimethoxybenzoyl)- 
benzoic  acid32. 

Digitoluteine  (9),  C16Hl204,  yellow  needles,  m.p.  222° 


0 

(9) 
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ring  and  as  the  quinone  is  different  from  rubiadin  methyl  ether 
(p.  168)  structure  (9)  is  the  only  alternative.  This  was  confirmed  by 
the  identity  of  the  demethylation  product  with  3-methylalizarin. 
The  latter  may  be  obtained  by  nitration,  followed  by  methylation, 
of  2-hydroxy-3-methylanthraquinone:  on  treating  the  resulting  2- 
methoxy-3-methyl-l-nitroanthraquinone  with  potassium  methoxide 
in  methanol  the  nitro  group  is  displaced  and  the  dimethyl  ether 
obtained  is  identical  with  digitoluteine  methyl  ether.  Demethylation 
with  hydrogen  bromide  provides  3-methylalizarin.  The  natural 
pigment  has  not  been  synthesized. 


Xanthopurpurin  ( purpuroxanthin)(\0 ),  C14H804,  yellow  needles,  m.p. 
268-270° 


0 


(10) 


A  minor  constituent  of  Rubia  tinctorum  Linn.28,  R.  cordifolia  Linn.1  , 
and  R.  sikkimensis  Kurz.13,  xanthopurpurin  was  first  isolated  from 
madder  by  Schiitzenberger38  who  showed  that  it  could  be  prepared 
frr>m  nnmiirin  bv  reduction  with  sodium  stannite.  The  positions  of 


ether. 
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Schunck42  in  1853.  It  is  present  in  the  form  of  its  3-glucoside  (see 
below)  whilst  the  3-primveroside  occurs  in  the  roots  of  the  bedstraws 


0 


0 

(ID 


Galium  verum  Linn.43,  and  G.  mollugo  Linn.14  Recently,  rubiadin 
itself  has  been  extracted  in  small  amounts,  from  the  bark  of  Coprosma 
lucida  Forst.8,  C.  australis  Robinson44  and  (probably)  C.  acerosa  A. 
Cunn9. 

Schunck  and  Marchlewski46  noted  that  rubiadin  was  very  similar 
to  xanthopurpurin  and  showed  that  the  methyl  and  hydroxyl  groups 
were  present  in  the  same  ring  since  a  chromic  acid  oxidation  yielded 
only  phthalic  acid.  They  therefore  considered  rubiadin  to  be  2-  or 
4-methylxanthopurpurin  and  proceeded  to  synthesize  the  former  (11) 
by  condensing  benzoic  acid  with  3 : 5-dihydroxy-4-methylbenzoic 
acid.  The  product  obtained  was  in  fact  rubiadin  but,  as  the  diacetyl 
derivative  had  a  melting  point  some  7-8°  below  that  found  for  the 
‘natural’  diacetate,  the  compounds  were  regarded  as  isomers  and  it 
was  concluded  that  rubiadin  must  be  4-methylxanthopurpurin. 
Obviously  the  synthetic  diacetate  was  impure  and  at  that  time  ( 1 894) 
the  routine  determination  of  mixed  melting  points  was  not  known. 
It  was  subsequently  shown,  by  synthesis47,  that  mhiariin 
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identified  by  Hill  and  Richter43.  On  hydrolysis  with  boiling  dilute 
sulphuric  acid,  D(-f-)-xylose  was  split  off  leaving  rubiadin-3-/5-D- 
glucoside  identical  with  the  product  extracted  from  madder.  As  the 
Galium  material  forms  red  salts  with  alkali  there  must  be  one  free 
nuclear  hydroxyl  group  and  the  pentose  unit  is  therefore  linked  to 
the  glucose.  It  was  concluded  that  the  disaccharide  is  primverose  as 
two  other  anthraquinone  primverosides,  ruberythric  acid  and  galio- 
sin,  are  also  found  in  Galium  spp.,  and,  as  hydrolysis  can  be  effected 
with  jS-glucosidases,  it  confirms  that  the  linkage  to  the  aglycone  has  a 
^-configuration.  It  was  suggested  by  Hill  and  Richter  that  rubiadin 
may  exist  in  madder  as  its  3-primveroside  which  would  be  hydro¬ 
lysed  to  the  glucoside  by  the  acid  treatment  employed  by  Schunck 
and  Marchlewski  in  their  elaborate  isolation  procedure. 


Rubiadin- 1  -methyl  ether  (12),  C16H1204,  yellow  needles,  m.p.  291° 

0 


(12) 


Rubiadin- 1 -methyl  ether  is  the  principal  anthraquinone  in  the  root 
and  leaves  of  the  West  African  shrub  Morinda  longifiora  G.  Don 
(. Rubiaceae )26.  The  same  compound  also  occurs  in  the  root  bark  of 
M.  citrifolia  Linn.27  and  Coprosma  rhamnoides  A.  Cunn.45,  and  in  the 
bark  of  C.  australis  Robinson52,  C.  acerosa  A.  Cunn.9  and  C.  areolata 

Chccscm^* 

"  On  demethylation  it  affords  rubiadin,  and  the  position  of  the 
methoxyl  group  was  established  by  synthesis".  Treatment  of  rubi¬ 
adin  with  boroacetic  anhydride  yields  the  acetate-boroacetate  (a). 
The  boric  ester  is  readily  decomposed  with  water  leaving  rubiadm- 
3-acetate  (b),  whence  methylation  with  methyl  iodide-silver  oxide 
fn  acetone,  followed  by  hydrolysis,  gives  rubiadin- 1 -methyl  ether 
identical  with  the  natural  product. 
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Lucidin  (13);  C15H10O5,  yellow  needles,  m.p.  >  330 

0 

on 

CH,0H 


Lucidin  is  the  most  abundant  anthraquinone  in  the  bark  of  Coprosma 
lucida  Forst.8  and  is  also  present  in  the  smaller  shrub  C.  acerosa  A. 
Cunn.9  It  is  readily  separated  from  the  other  colouring  matters  on 
account  of  its  relatively  low  solubility  in  organic  solvents.  The 
structure  has  been  established  by  Briggs  and  Nicholls8-54  and  con¬ 
firmed  synthetically  by  Venkataraman  and  co-workers50. 

Lucidin  forms  a  triacetate  and  a  tribenzoate  but  the  action  of 
methyl  sulphate  yields  only  mono-  and  dimethyl  ethers.  This  indi¬ 
cates  the  presence  of  two  phenolic  hydroxyls  (one  at  a  ^-position 
since  the  compound  is  soluble  in  aqueous  sodium  carbonate)  and  an 
alcoholic  group.  If  the  latter  occurs  as  — CH2OH  it  would  account 
for  the  formation  of  2-methylanthracene  on  zinc-dust  distillation 
despite  a  negative  C-Me  determination  and  in  view  of  this  and  the 
close  similarity  of  the  ultra-violet  absorption  of  lucidin  and  rubiadin 
structure  (13)  was  adopted  by  Briggs  and  Nicholls.  The  infra-red 
spectra  of  lucidin  and  its  derivatives  fully  support  this  structure  and 
s  ow  furthermore  that  the  methoxyl  group  in  the  monomethyl 
ether  obtained  with  methyl  sulphate  is  at  C-3  as  two  carbonyl  bands 
are  present  corresponding  to  free  and  chelated  carbonyl '  groups 
Subsequently  Ayyangar  and  Venkataraman55  showed  that  lucidin 
could  be  oxidized  with  manganese  dioxide  in  boiling  benzene  to  the 
corresponding  aldehyde  (nordamnacanthal),  and  to  the  corre 
sponding  acid  (munjistin)  with  alkaline  silver  oxide 

Lucidm  was  synthesized  by  the  Indian  workers50  starting  from 

vwe  Z'  Ttl0n  f  thC  diacetate  (a)  ™th  ^V-bromosuccinimide 
gave  the  co-bromo  denvate  (b)  which  was  converted  into  lucidin 


OAc 


,CH3 

OAc 


OAc 


(a) 


CH2Br 

'OAc 


(b) 


CH20Ac 
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ether  was  obtained  which  confirmed  the  structure  deduced  from  the 
infra-red  spectrum.  A  more  direct  synthesis  of  lucidin  recently 
announced  comprises  the  direct  hydroxymethylation  of  xantho- 
purpurin  with  formaldehyde55. 


Damnacanthol  (lucidin- \ -methyl  ether )  (14),  C16H1205,  yellow  needles, 
m.p.  288° 


The  alcohol  (14)  accompanies  the  aldehyde  (15)  in  the  root  of 
Damnacanthus  major50.  It  has  been  synthesized  from  rubiadin-1- 
methylether-3-acetate  by  side-chain  bromination  and  hydrolysis3-9. 

Damnacanthal  (15),  C16H10O5,  orange-yellow  needles,  m.p.  21 1 

0 


A  recent  investigation56  of  the  Japanese  Rubiaceae,  Damnacanthus 
major  Sieb  and  Zucc.,  D.  major  Sieb  and  Zucc.  var.  parvifolius  Koidz., 
and  D.  indicus  Gaertner  fil.  var.  microphyllus  Makino,  has  revealed  the 
presence  of  several  closely  related  anthraquinone  pigments.  Damna¬ 
canthal  is  isolated  from  each  of  these  by  extraction  of  the  roots  with 
ether  or  benzene  and  fractionation  of  the  product  from  acetone. 

Damnacanthal  forms  a  monoacetate  and  a  monomethyl  ether 
(with  diazomethane)  showing  a  ^hydroxyl  group  to  be  present .  and 
there  is  also  a  methoxyl  group  which  can  be  hydrolysed  by  boAac  d 
and  alkali  to  give  nordamnacanthal,  C15H805,  m.p.  2 
don,  the  alkaline  degradation  (i.e  boiling  with  SOj*^ 
notassium  hydroxide  in  an  atmosphere  of  hydrogen)  also  yields  some 
xamhZrpurin  (10)  which  establishes  the  relative  positions  of  the 
hydroxyl  and  methoxyl  groups.  An  unusual  feature  of  thisqu-one 
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hydrogen  peroxide  yielded  damnacanthic  acid  (18)  which  was  deme- 
thylated  with  sulphuric  acid  to  give  nordamnacanthic  acid  (19), 


OMe 


CH(OAc)2 

OAc 


(17) 


whence  bromination  gave  2 :4-dibromoxanthopurpurin  (20).  Nor¬ 
damnacanthic  acid  proved  to  be  identical  with  munjistin.  It  follows 
that  the  formyl  group  in  damnacanthal  is  at  C-2  and  on  these 
grounds  Nonomura57>58  proposed  structure  (15).  Confirmation 
of  this  structure  was  obtained  by  two  further  degradations  of 


damnacanthal  to  xanthopurpurin.  Nordamnacanthal  (21)  was 
converted  into  the  nitrile  (22)  by  treatment  of  the  oxime  with  acetic 
anhydride,  which  was  then  hydrolysed  to  (19)  and  decarboxylated. 

lmilarly,  a  Schmidt  reaction  on  damnacanthal  gave  the  correspond¬ 
ing  nitrile  which  underwent  simultaneous  hydrolysis  of  both  the 

^hoXjVand  mtP.le  grOUpS  °n  heatinS  with  phosphoric  acid  to  give 
(  )  which  passed  into  xanthopurpurin  on  heating  above  its  melting 

nacanth^r3  Y-the  m^'red  Spectra  of  damnacanthal  and  nordam- 
acanthal  are  in  complete  agreement  with  the  chemical  evidence59 

Damnacanthal  shows  carbonyl  bands  at  1675  and  1648  cm  -i 

corresponding  to  quinone  and  formyl  grouos  resnertiv.K,  Tm  . 

nordamnacantha,  has  a  further  chelated  cLZySd  aU  6^5 

close™°.oTsubs,areC  °H  corresponds  ve'ry 

208  >  isolated  a,ong  oTheZktZ 

qui nones,  fiom  Monnda  umbellate  Linn,  by  Perkin  and  Humm  161 
This  substance  on  boiling  in  strongly  alkaline  •  Hummel  • 
compound,  m.p.  218°,  probably  nordamnacanthih 
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Juzunal,  C16H10O6,  orange  needles,  m.p.  248° 

This  is  found  with  damnacanthal  in  the  Damnacanthus  species  listed 
above56.  It  appears  to  be  a  hydroxydamnacanthal,  the  additional 
phenolic  group  occurring  at  an  a-position  as  there  is  no  hydroxyl 
band  in  the  infra-red  spectrum,  and  probably  at  C-5  or  C-8  since 
the  orange-red  colouration  obtained  with  alcoholic  magnesium  ace¬ 
tate  is  identical  with  that  of  damnacanthal  and  quite  different  from 
the  purple  colour  given  by  alizarin  and  quinizarin57*60.  On  phyto¬ 
chemical  grounds  5-hydroxydamnacanthal  is  the  more  probable  struc¬ 
ture  as  1 :8-dihydroxyanthraquinones  are  not  known  in  the  Rubiaceae. 


Munjistin  (19),  C15H8Oe,  orange  leaflets,  m.p.  231° 


(19) 


The  discovery  of  this  pigment  is  due  to  Stenhouse62  who  found  it, 
along  with  purpurin,  in  munjeet,  the  root  of  Rubia  cordifolia  Linn, 
(formerlv  R.  munjista  Roxb.).  It  is  also  present,  with  purpurin  and 
closely  related  compounds,  in  R.  tinctorum  Linn.63,  and  R.  sikkimensis 
Kurz  13  On  heating  above  its  melting  point  it  loses  carbon  dioxide 
to  form  xanthopurpurin,  and  bromination  also  displaces  the  carboxyl 
group  giving  2 :4-dibromoxanthopurpunn.  Munjistin  is  thus  xantho- 
purpurin-2  or  -4-carboxylic  acid  and  was  shown  to  be  the  former  (19) 
by  synthesis,  although  the  original  methods  of  Muter  and  Biswas 
were  rather  unsatisfactory.  Oxidation  of  the  anthraqu.none  (23), 


achieved  by  treating  a  solution  in  sulphuric  :  acid-Wc ^ 
sodium  nitrite  at  150”,  gave  a  product  of  m.^23 ^  > -^epressed^ 

admixture  with  the  nature  J”gOn  the  other  hand,  oxidation  of  (24) 
not  be  obtained  chlorme-fi  .  .on,.rnur;n  (containing  chlorine) 
in  the  same  way  gave  impure  pseud  p  (  .  with  sodium 

from  which  munjistin  was  obtained  by  reduction 
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dithionite  in  cold  ammoniacal  solution.  This  product  did  not  con¬ 
tain  chlorine  but  the  yield  was  so  poor  that  insufficient  material  was 
available  for  analysis.  More  convenient  methods  are  known  for  the 
synthesis  of  pseudopurpurin  (p.  185),  the  alkaline  dithionite  reduc¬ 
tion  of  which  is  a  satisfactory  method  for  the  preparation  of  mun- 
jistin.  Ayyangar  and  Venkataraman55  have  shown  recently  that 
munjistin  is  most  conveniently  prepared  from  lucidin  by  oxidation 
with  alkaline  silver  oxide. 


6 -Methylxanthopurpurin  (25),  C15H10O4,  yellow  needles,  m.p.  269° 


0 


Perkin  and  Hummel65  isolated  this  quinone  from  the  root  bark  of 
Morinda  umbellata  Linn.  It  forms  a  diacetate,  yields  2(?)-methyl- 
antlnacene  on  zinc-dust  distillation,  and  appears  to  be  identical  with 
a  synthetic  compound  of  structure  (25)  obtained  by  Marchlewski66 
fiom  a  condensation  of/>-toluic  and  3 : 5-dihydroxybenzoic  acids.  The 
synthetic  material  does  not  seem  to  have  been  directly  compared 
with  the  natural  product. 


Soranjidiol  (26),  C15H10O4,  orange-yellow  needles,  m.p.  289° 

0 


(26) 

SnonTm ‘°  a  dihydroxymethylanthra- 
quinone,  m.p.  276  ,  found  in  the  root  bark  of  Morinda  citri  folia  I  inn 

by  Oester|e  and  Tisza6’.  (The  roots  of  this  plan,  and  o (M  tidZu 

India  fo^dyeing^under  th^trade  nara^uran^ l^ntnh011^  “ 

Although  available  information  on  tiw  ’  Insufficien‘  for  analysis, 
and  Biswas68  suggested  that  they  were  idenSKi^^SS 
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1 : 6-dihydroxy-2-methylanthraquinone  (of  m.p.  281°).  This  is 
possible,  although  in  the  case  of  the  compound  from  M.  umbellata  it  is 
little  more  than  guesswork.  However,  a  natural  quinone  of  this 
structure  does  exist  according  to  Briggs  et  al.,  in  the  bark  of  several 
Coprosma  spp.  (C.  acerosa 9,  australis 44  and  very  probably  lucidaP) 
although  it  does  not  seem  to  have  been  directly  compared  with 
synthetic  material*.  1 : 6-Dihydroxy-2-methylanthracene  was  first 
synthesized  by  Simonsen  and  Ray69  by  a  two-step  condensation 
of  anisole  and  3-methoxy-4-methylphthalic  anhydride. 


Chrysophanic  Acid  (chrysophanol)  (27),  C15H10O4,  dark  yellow  leaflets, 
m.p.  196°  q 

HO  |J  OH 


Me 


(27) 

Rhubarb  has  been  the  subject  of  a  long  series  of  researches  which  go 
back  to  183470,  and  indeed  in  a  recent  Japanese  investigation71 
samples  were  examined  which  had  been  kept  in  Shosoin  Imperial 
Storehouse  for  1200  years.  The  plant  is  a  native  of  central  Asia  and 
the  official  drug100,  imported  from  China,  consists  of  the  dried 
rhizome  of  Rheum  palmatum  Linn.  It  is  a  constituent  of  Gregory’s 
powder100.  One  of  its  purgative  principles  is  chrysophanic  acid 
which  occurs,  both  in  the  free  state  and  as  a  glycoside,  along  with 
several  other  anthraquinones  in  the  roots  of  numerous  species  ol 
Rheum  and  Rumex  {Polygonaceae) .  (A  bibliography  is  given  m  Beils- 
tein72;  for  recent  records  see  ref.  73).  In  plants,  it  is  associated  paiti- 
cularly  with  emodin  and  physcion,  an  exception  being  the  bout  i 
African  shrub  Cluytia  similis  Muell.  Arg.  (Euphorbiaceae)'*  where  it 
occurs  unaccompanied  by  other  anthraquinones  Chrysophanic 
acid  has  also  been  isolated  from  Rhamnus  spp.75.  from  Saxtfm  a 
delavayi  frznch  ( Saxifragaceae )”,  Arbutus  unedo  Linn,  if™™?*  a 
Sonneralia  acida  Linn.  (Lythraceae)^ ,  and  has^9feteC‘e^b^ParPeorf 
chromatography80  and  microchemical  methods”  in  a  number  ol 
other  plants.  In  addition,  it  has  been  extracted  from  the  mycelru 
of  Penicillium  islmdicum  Sopp82  and  Pachybanum 
Peyronel11.  The  9-anthrone  corresponding  to  chrysopha 

.  The  melting  points  of  soranjidiol  and  its  derivatives  recorded  by  Briggs  rl  al. 

^originauy  named  archinin  before  it  was 
identified  as  chrysophanic  acid.  ^ 
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has  recently  been  found  in  the  heartwood  of  Ferreira  spectabilis  Allem. 
( Leguminosae )83,  in  the  root  of  Rumex  crispus  Linn.84,  and  in  various 
Rhamnus  spp.84-88,  whilst  it  has  long  been  known  to  occur  in  the 
wood  of  Cassia  siamea  Lam.  ( Leguminosae )101  and  in  Goa  or  Araroba 
powder86.  This  latter  drug  was  formerly  exported  from  Goa  but 
it  originates,  probably  as  a  resin  oxidation  product,  in  cavities  of 
the  tree  Andira  araroba  Aguiar  {Leguminosae) ,  a  native  of  Brazil. 
(Chrysophanic  acid  has  also  been  found  as  an  artefact  in  Xanthorrhea 
resins87.)  The  product  obtained  by  solvent  extraction  is  known  as 
chrysarobin  which  appeared  at  one  time  in  the  British  Pharmacopoeia, 
and  was  used  as  a  purgative  and  in  dermatology. 

The  early  studies  of  Liebermann  and  his  colleagues89  showed  that 
chrysophanic  acid  was  a  dihydroxymethylanthraquinone,  the  absor¬ 
ption  spectrum90  indicating  a  1 : 8-dihydroxy  structure.  This  was 
confirmed  when  Fischer  et  al.91  oxidized  diacetylchrysophanic  acid 
to  diacetylrhein  (p.  1 79)  which  Oesterle92  converted  into  chrysazin 
by  removal  of  the  carboxyl  group.  As  zinc-dust  distillation  afforded 

2- methylanthracene89’91  the  natural  product  was  evidently  2-  or  3- 
methylchrysazin  and  a  distinction  was  soon  made.  Leger93  found 
that  oxidation  of  tetranitrochrysophanic  acid  yielded  2:4:6-trinitro- 

3- hydroxybenzoic  acid  whilst  a  potash  fusion  gave  5-hydroxyuo- 
phthalic  acid,  besides  other  products,  and  Oesterle94  converted  rhein, 
via  its  amide  and  the  corresponding  amine,  into  a  trihydroxyanthra- 
quinone  which  was  different  from  the  1:2:8  isomer.  These  results 
imply  that  chrysophanic  acid  is  3-methylchrysazin  (27)  which  was 
confirmed  later  by  synthesis. 

The  first  method — a  step-wise  condensation  of  3-nitro95-(oracetyl- 
amino96)phthalic  anhydride  and  m-cresol  to  give  a  trisubstituted 
anthraquinone,  followed  by  conversion  of  the  nitro  group  into  a 
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hydroxyl  group101,  is  ambiguous,  but  the  procedure  of  Naylor  and 
Gardner97,  set  out  above,  fully  establishes  the  constitution.  These 
authors  showed  further  that  demethylation  and  acetylation  of  the 
10-anthrone  (28)  gave  an  anthranol  triacetate  different  from  that 
derived  from  the  chrysophanic  acid  anthrone  present  in  chrysarobin 
which  is  therefore  the  isomeric  9-anthrone. 

Chrysophanein,  yellow  needles,  m.p.  245°  (256°  on  rapid  heating), 
is  a  ^S-D-glucoside  of  chrysophanic  acid,  isolated  by  Gilson98  from 
Chinese  rhubarb.  It  was  prepared  by  Takahashi"  from  chrysophanic 
acid  and  acetobromoglucose  but  it  is  not  known  to  which  hydroxyl 
group  the  sugar  moiety  is  attached. 


Aloe-emodin  (29),  C15H10O5,  orange-yellow  needles,  m.p.  223-224° 


As  the  name  indicates,  aloe-emodin  is  obtained  from  aloes  (see  barba- 
loin,  below).  It  also  occurs,  mainly  as  a  glycoside,  in  rhubarb102  and 
other  Rheum  spp.80,  together  with  frangula  emodin  in  Rhamnus  spp. '  » 
76,80,i03j  and  with  the  corresponding  carboxylic  acid,  rhein,  in  senna 
leaves101’131-  The  9-anthrone  has  also  been  isolated  from  cascara 

^  Thestrucmre  was  established  by  the  work  of  Oesterle  who  showed 
that  aloe-emodin  could  be  oxidized105  by  chromic  acid  to  rhein  and 
reduced106  with  hydriodic  acid  and  red  phosphorus  to  chrysophanic 
acid  anthrone,  whence  aerial  oxidation  in  alkaline  solution  gave 
chrysophanic  acid.  The  presence  of  three  hydroxyl  groups 18  reveale^ 
by  the  formation  of  a  triacetate  and  a  trimethyl  ether,  and  their 
orientation  was  further  confirmed  by  reducing  rhein  to  the  corre¬ 
sponding  alcohol  which  was  found  to  be  identical  with  aloe-emodin. 
Mitter  and  Baneriee107  achieved  this  by  converting  diacetylrhem 

followed  by  Rosenmund  eeducUon  .o'  e 

aldehyde,  hydrolysis,  and  further  reduetton  to  the  alcohol  by 

^  According  to  He^et®®  another  isomer  of  emodin  occurs  in  rhubarb ; 
this  has  m.p.  212°  and  was  named  rhabarberone  A  product 
same  melting  point,  uoemod.n,  was  found  hr  by  E  jk  „ 

ing  a  detailed  examination  of  rhubarb,  lutin 
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concluded  that  rhabarberone  and  woemodin  were  merely  impure 
samples  of  aloe-emodin.  This  seems  very  probable  but  it  should  be 
noted  that  in  one  paper  Hesse110  refers  to  aloe-emodin  and  rhabar¬ 
berone  as  separate  substances  and  he  stated  that  the  latter  was  sol¬ 
uble  in  aqueous  sodium  carbonate108.  By  condensation  of  3 :6-di- 
chlorophthalic  acid  with  o-chlorotoluene  followed  by  replacement  of 
the  chlorine  atoms,  Keimatsu  and  Hirano111  prepared  a  compound 
which  they  regarded  as  3:5:8-trihydroxy-2-methylanthraquinone. 
This  was  claimed  to  be  rhabarberone  as  it  had  the  same  melting 
point  but  it  was  not  directly  compared  with  the  natural  material. 
This  structure  seems  improbable  on  phytochemical  grounds  and  the 
agreement  in  the  melting  points  is  probably  fortuitous. 


Barbaloin  is  a  constituent  of  aloes  (an  exudation  from  the  leaves  of 
certain  species  of  Aloe  ( Liliaceae ))  esteemed  as  a  purgative  for  some 
2000  years.  It  was  probably  the  chief  constituent  of  the  Elixir 
Proprietatis  of  Paracelsus  which  he  claimed  would  prolong  life  to 
its  utmost  limits126.  Two  varieties  are  officially  recognized112: 
Curasao  (Barbados)  aloes  from  Aloe  vera  Linn,  grown  in  the  West 
Indies,  and  Cape  aloes  from  A.  ferox  Alill.  and  A.  pevxyi  Baker  grown 
in  South  and  East  Africa.  Partial  purification  via  the  calcium  salts 
yields  a  yellow  powder  known  commercially  as  aloin,  from  which 
barbaloin,  the  major  component  can  be  obtained  by  further  crystal¬ 
lization;  it  forms  lemon-yellow  needles,  m.p.  148-149°,  [a] if  —  10.4° 
(ethyl  acetate),  and  considei'able  amounts  are  present  (<C25  per  cent 
or  more  in  Curasao  aloes). 

The  history  of  barbaloin  dates  from  1851 113  and  there  is  a  volu¬ 
minous  literature114  on  the  subject:  as  most  of  it  is  based  on  erro¬ 
neous  molecular  formulae  only  the  recent  work  will  be  considered. 

nder  appropriate  conditions  barbaloin  can  be  converted  into  aloe- 
emodin  or  aloe-emodin  anthrone,  accompanied  by  small  amounts  of 
D-arabmose  and  formaldehyde  (or  methanol),  and  it  is  evident  from 
its  ultra-violet  and  infra-red116  spectra,  and  its  polarographic 
av  lom  ,  that  barbaloin  is  a  derivative  of  the  anthrone  (30)  ?  As 
e  substance  is  stable  to  acid  hydrolysis  it  is  not  a  glycoside*  more¬ 
over  barbaloin  has  the  molecular  formula  C21H2209116.H9  and  since 

e  ^ht"f  ffi  Ptamethyl  Cther  WhiGh  C°ntainS  a  c-bony!  group116,1" 
eight  of  the  nine  oxygen  atoms  are  accounted  for,  so  that  a  glycoside 

structure  requiring  two  ether  oxygens  is  inadmissable.  In  the^xida 

dete«  d^lTh0  n<>  product  catit 

cted  »nd  thls,  “upled  with  its  reluctance  to  enolize,  suggests 

in  a  pure  form,  gave  a  positive  test  for  a  pero^de^  “  mtermediate’  not  obtained 
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that  the  sugar  residue  is  most  probably  attached  to  C-10  in  formula 
(30). 


A  partial  synthesis  of  barbaloin  appears  to  confirm  this:  Miihle- 
mann119  has  shown  that  reaction  of  aloe-emodin  anthrone  (obtained 
from  barbaloin  by  heating  in  aqueous  sodium  borate120)  with  aceto- 
bromoglucose  in  aqueous  acetone— sodium  hydroxide  gives  tetia- 
acetylbarbaloin  which  on  treatment  with  cold  ethanolic  sodium 
ethoxide  gave  barbaloin  identical  with  the  natuial  material.  This 
synthesis  has  been  repeated  and  confirmed  by  Bohme  and  Beit- 
ram121.  As  the  stability  to  hydrolysis  showed  that  a  linkage  had  not 
been  formed  with  a  hydroxyl  group,  as  would  be  expected,  reaction 
must  have  occurred  with  the  mesomeric  anthranol  anion  at  C-10. 
Chrysazin-anthrone  (1 : 8-dihydroxy-9-anthrone)  behaves  in  the 
same  way122.  Miihlemann  therefore  formulated  barbaloin  as  (31). 
By  treatment  with  acetic  anhydride  and  zinc  chloride  he  obtained  a 
colourless,  non-fluorescent,  hepta-acetate,  and  further  energetic 
acetylation  in  pyridine  gave  a  yellow,  amorphous,  product  which  he 
regarded  as  a  mixture  of  octa-  and  hepta-acetates  Enohzation  of 
barbaloin  (31)  would  require  a  shift  of  the  glucosyl  residue  into  ,e 

plane  of  the  anthracene  nucleus  which  may  account  foi  the  di  y 

in  preparing  derivatives  of  the  anthranol  form.  It  is  evident  that 
enohzation  does  occur  however  as  some  derivatives  of  barbaloin  show 
a  strong  fluorescence  and  in  fact  the  slow  enohzation  which  occurs 
in  a  basic  medium  can  be  followed  spectroscopically  >  • 

The  existence  of  a  glucopyranosyl  residue  is  established  bot  > 
Muhlemann’s  synthesis  and  by  further  degradative  work  ,  but 
the  cuTous  formation  of  D-arabinose  which  occurs  on  mild  oxidat  on 

r  I  u  I™'n  i<5  not  vet  understood.  Miihlemann  suggested  that  the 
of  barbaloin  is  not  yet  unaersioo  ,  bond  D_Arabinose, 

reaction  proceeds  by  oxidative  fissio  Leeer123  from  a 

a  J  M  haa  bee„ 
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kept  for  six  months.  Presumably  this  was  the  result  of  atmospheric 
oxidation  and  small  amounts  of  aloe-emodin  isolated  from  aloes  are 
no  doubt  produced  in  the  same  way.  Harders127  has  shown  that 
barbaloin  readily  takes  up  oxygen  in  alkaline  solution,  after  which 
the  pentose  is  easily  split  off  by  acid  hydrolysis.  Barbaloin  can  also 
be  oxidized  to  aloe-emodin  with  ferric  chloride118  and  recently  Hay 
and  Haynes116  have  shown  that  D-arabinose  is  also  formed  under 
these  conditions. 

Other  aloins — tVoBarbaloin  is  an  optically  active  isomer  of  barbaloin 
also  present  in  Curasao  aloes1286.  The  two  compounds  are  possibly 
stereoisomers  about  C-l  in  formula  (31);  alternatively  wobarbaloin 
could  be  a  mannose  derivative  which  would  also  break  down  to 
arabinose  on  oxidation129.  /^-Barbaloin  is  formed  on  heating  barba¬ 
loin  for  some  time  at  140-160°.  It  is  claimed1286  that  this  material 
also  occurs  in  aloes  but  it  may  be  an  artefact.  Two  further  products, 
nataloin  and  homonataloin,  have  been  isolated  from  Natal  aloes 
{Aloe  candelabrum  Berger  and  other  spp.).  They  appear  to  be  similar 
to  baibaloin  and  their  formulation124  as  hydroxyanthraquinone 
arabinosides  requires  revision. 

Rhein  (32),  C15H8Oe,  yellow  needles,  m.p.  321°* 


(32) 


and  oardv T  ln  vano“s  Rheum  spp.»8,i3«,  partiy  in  the  free  Jtate 

M^kins^and  hafh  ,  r^0  °CCUrS  in  RumeX  ^dreaeanus 

Vahl )  >3i  and^mm  \  -d  fr°™  Senna  Ieaves  (Cassia  mgustifolia 

subs  ince  ‘cas  ic  ad,T  f  T'  The  antibiotic 

a  Bta^t  cwz  iZ  ^ 

"  S — fraitir probabiy  ^ 

chrysoVCcTcWanLTonmod^  bo!hTf  ^  ^  to 

to  rhein.  emodin,  both  of  which  can  be  oxidized 

*  310°,  (Kofier  hot-plate184). 
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Sennosides — Senna  leaves  and  pods  have  been  used  as  a  laxative139 
for  centuries  and  the  cathartic  action  is  attributed  to  the  presence  of 
anthraquinones  or  related  compounds.  The  precise  form  in  which 
the  active  principles  occur  was  discovered  recently  through  the 
extensive  investigations  of  Stoll  and  Becker  and  their  collaborators140 
who  have  established  the  existence  of  dianthrones  of  structure  (33), 
related  to  rhein.  By  an  elaborate  procedure  they  succeeded135  in 
isolating  two  stereoisomers  termed  sennosides  A  and  B. 

A,  C42H38O20,  yellow  crystals  which  char  between  200-240°,  [a]j)°  —  147° 
(70  per  cent  aqueous  acetone) 

B,  C42H38O20,  pale  yellow  prisms,  m.p.  180-186°  (decomp.),  [a]f)°  —  100° 
(70  per  cent  aqueous  acetone) 

Acid  hydrolysis  yields  D-glucose  and  amorphous  aglycones  (senni- 
dines)  which  are  readily  oxidized  to  rhein  by  ferric  chloride  or 
chromic  acid.  Sennidine  A  is  dextrorotatory  (the  first  optically 
active  aglycone  to  be  found  in  this  series)  whilst  sennidine  B  is  the 
meso  form.  Molecular  weight  determinations136  (by  the  Barger- 
Signer  method141)  of  various  sennoside  and  sennidine  derivatives 
indicated  the  ‘bimolecular’  nature  of  these  compounds  and  chemical 
evidence  for  a  dianthrone  structure  was  obtained137  by  reductive 
cleavage  with  sodium  dithionite  in  aqueous  bicarbonate  or,  less 
satisfactorily,  by  hydrogenolysis  over  a  palladium  catalyst.  An  iden¬ 
tical  product  (34)  was  obtained  from  both  sennosides,  and  was  con¬ 
verted  by  acid  hydrolysis  into  (35)  which  was  recognized  as  an 
anthrone.  Dianthrones  had  not  been  split  previously  under  such 
mild  conditions  for  which  a  free  hydroxyl  group  in  the  a-position 


(36) 

of  the  anthrone  nucleus  is  necessary.  The  carbon-carbon  linkage 

...  r  _ p o or O — O)  of  the  two  anthione  units 

(as  distinct Jrom  J3  ^  bo(h  sennid;nes  afford  the  same  hexa- 

acetate  (36)  when  treated  with  acetic  anhydride  in  pyridine  solution. 
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This  also  confirms  that  the  two  sennidines  (and  sennosides)  differ 
only  in  their  configuration  at  positions  1 0  and  1  O'.  The  anthrone  (35) 
was  synthesized  by  reducing  rhein  with  acid  stannous  chloride.  The 
structure  was  deduced  by  analogy  with  other  a-hydroxyanthra- 
quinones  in  which  the  chelated  carbonyl  group  remains  intact  under 
these  conditions,  and  from  the  observation  that  the  hydroxyl  groups 
in  (35)  are  unreactive  towards  diazomethane.  The  structure  of  the 
sennidines  was  finally  established  by  a  synthesis137  of  the  racemic 
form.  This  was  achieved  by  a  catalytic  oxidation  of  rhein-9- 
anthrone  (35)  effected  by  shaking  in  dilute  sodium  hydroxide  solu¬ 
tion  with  the  calculated  quantity  of  oxygen  in  the  presence  of  a 
palladium  catalyst. 

The  position  of  the  glucose  residues  was  determined  in  the  follow¬ 
ing  manner138.  Methylation  of  the  sennidines  with  diazomethane 
in  dioxan  solution  gives  tetramethyl  ether  dimethyl  esters  which  can 
be  oxidized  to  the  methyl  ester  of  rhein  dimethyl  ether.  The  unex¬ 
pected  reaction  of  the  /^n-hydroxyl  groups  here  may  be  a  conse¬ 
quence  of  the  non-planarity  of  the  six-membered  rings  which 
weakens  the  intramolecular  hydrogen  bonds  or,  less  likely,  the  car¬ 
bonyl  groups  may  be  enolized,  in  which  case  hydrogen  bonding 
would  prevent  methylation  of  the  mwo-hydroxyl  groups.  Similar 
tieatment  of  the  sennosides  with  diazomethane  leads  to  the  formation 
of  dimethyl  ether  dimethyl  esters  which  can  be  oxidized  with  chromic 
acid  to  a  monomethyl  ether  of  rhein  methyl  ester,  the  glucose  moiety 
being  removed  during  the  process.  The  acetate  of  the  latter, 
obtained  by  a  like  oxidation  (in  acetic  anhydride)  of  the  sennoside 
deca-acetates,  was  proved  to  have  structure  (37)  by  total  synthesis. 


It  follows  that  the  glucose  residues  in  sennosides  A  and  B  are  located 
at  positions  8  and  8'  as  in  (33).  iocated 

nan,TrtiaI  Syn,thesjf137  of  the  two  sennosides  has  been  achieved  by  a 
palladmm-catalysed  oxidation  of  8-glucosidorhein-9-anthrone  (34) 
and  fractional  crystallization  of  the  nrodurt  Thi*  “ .  one  W* > 
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effected  in  the  laboratory  under  extremely  mild  conditions  it  sug¬ 
gests  that  an  anthrone-dianthrone  oxidation-reduction  system  may 
play  a  part  in  the  cell  metabolism  of  senna  leaves. 

Anthragallol  (38),  C14H805,  orange  needles,  m.p.  312°-313° 


0 


(38) 


Anthragallol  has  recently  been  found  in  the  bark  of  Coprosma  lucida 
Forst.8  (14  mg.  from  162  g.  bark)  where  it  occurs  along  with  its 
methyl  ethers  and  other  anthraquinones.  It  may  occur  in  other 
Rubiaceae ,  e.g.  chay  root,  but  would  escape  detection  by  the  older 
methods  of  separation  on  account  of  its  ease  of  oxidation  in  alkaline 
media.  A  solution  in  aqueous  sodium  hydroxide  rapidly  turns  from 
green  to  brown  on  exposure  to  air,  the  oxidation  pioduct  being 
2-hydroxy- 1 : 4-naphthaquinone-3-acetic  acid142.  Anthragallol  may 
be  prepared  by  heating  together  gallic  and  benzoic  acids  in  sulphuric 

acid143. 

Anthragallol  Ethers 

Anthragallol-2-methyl  ether,  yellow  needles,  m.p.  218 


This  has  been  detected  by  Briggs  and  co-workers  in  the  bark  of 
Coprosma  lucida*  and  C.  acerosa 9;  in  the  latter  *  occurs  also  as  a  glyco¬ 
side  It  was  synthesized  by  Kubota  and  Perkin3"  by  partial  acety¬ 
lation  of  anthragallol  to  give  the  2 :3-diacetate  (a)  and  treatment  of 
this  with  diazomethane.  A  rearrangement  occurs,  as  in  the  case  of 
acetylalizarin  (p.  164)  but  is  more  remarkable  in  that  both  acetyl 
groups  are  involved,  the  products  being  the  diacetates  of  anthra- 
gallol-2-(b)  and  3-(c)-methyl  ether.  Hydrolysis  of  (b)  then  g 
anthragallol-2-methyl  ether. 


(a) 


(b) 
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Anthragallol- 1 :3 -dimethyl  ether,  yellow  needles,  m.p.  212-213° 

Anthragallol-  \  -.2-dimethyl  ether,  yellow  plates,  m.p.  238° 

These  compounds  were  the  first  anthragallol  derivatives  to  be  found 
in  Nature.  They  both  occur  in  chay  root  from  which  they  were 
laboriously  isolated  by  Perkin  and  Hummel5-7.  Recently  the  1:2- 
dimethyl  ether  has  been  extracted  from  the  bark  of  Coprosma  lucidaA, 
C.  acerosa 9,  and  from  the  root  bark  of  C.  rhamnoidesib.  From  their 
comparative  ease  of  hydrolysis,  Perkin  and  Hummel  concluded  that 
both  isomers  contained  an  a-methoxyl  group,  which  was  estab¬ 
lished  many  years  later  by  Perkin  and  Story40b  who  synthesized  both 
isomers  making  use  of  rearrangements  brought  about  by  diazo¬ 
methane.  The  intermediate  stages  are  shown  below:  partial 
acetylation  of  the  2-methyl  ether  (a)  with  acetic  anhydride- 


potassium  acetate  in  the  cold  affords  the  3-acetate  (b)  which  reacts 
with  diazomethane  to  give  a  mixture  of  anthragallol  trimethyl  ether 
(c)  and  the  expected  1 : 2-dimethyl  ether-3-acetate  (d).  Direct 
methylation  of  anthragallol  with  methyl  sulphate  in  nitrobenzene 
yields  the  2: 3-dimethyl  ether145  which  can  be  partially  demethylated 
by  heating  with  sulphuric  acid  to  form  the  3-methyl  ether.  When 
the  -benzoate  of  the  latter  (e)  is  treated  with  diazomethane, 


sulphonate  which  does  not  undergo  rearrangement 


183 


ANTHRAQUINONES 


Purpurin  (39),  C14H805,  red  needles,  m.p.  263° 


After  alizarin,  the  most  important  colouring  matter  in  madder  is 
purpurin12a,146  although  according  to  Hill  and  Richter43  no  appreci¬ 
able  amount  is  present  in  the  fresh  root  and  the  purpurin  found  in 
commercial  madder  was  probably  derived  from  pseudopurpurin. 
Two  dyestuffs  akin  to  madder  are  the  roots  of  Rubia  cor  difolia 
(- munjista )  Linn.13-62  and  R.  sikkimensis  Kurz.13  and  of  these  pur¬ 
purin  is  also  the  principal  colouring  matter.  They  were  both  used 
formerly  in  India  and  the  root  of  R.  cordifolia,  known  as  munjeet, 
was  at  one  time  employed  in  this  country  as  an  alternative  to  madder. 
Purpurin  and  pseudopurpurin  are  the  principal  pigments  of  various 
Relbunium  spp.  The  roots  of  these  Rubiaceous  plants  are  the  South 
American  equivalent  of  madder  and  were  employed  for  dyeing 
textiles  in  Peru  more  than  2000  years  ago147. 

Like  anthragallol,  purpurin  is  readily  oxidized;  thus  on  aeration 
of  an  alkaline  solution  the  red  colour  soon  fades  and  phthalic  acid  is 
obtained  on  acidification.  This  demonstrates  that  all  thiee  hydroxyl 
groups  are  in  the  same  ring  and  the  1:2:4  arrangement  is  established 
by  numerous  reactions  and  syntheses.  For  instance,  purpurin  can  be 
prepared  by  oxidation  of  either  alizarin155,  xanthopurpurin  oi 
quinizarin149,  with  manganese  dioxide  and  sulphuric  acid,  and 
conversely  purpurin  can  be  reduced  to  either  xanthopurpurin  or 


A  variety  of  products  can  be  obtained  by  oxidation  and  reduction 
of  purpurin  as  a  consequence  of  the  number  of  tautomeric  forms 
which  this  quinone  and  its  quinol  can  assume  When  reduced  wn 
zinc  and  acetic  acid  in  the  cold  the  pentahyd^ 
is  formed  which  rearranges  to  the  diketone  (41)  if  the  solution 
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tautomerize  in  this  way,  usually  with  the  elimination  of  ^-substi¬ 
tuents.  However  (41)  is  stable  in  hot  acetic  acid  but  on  treatment 
with  alkali  or  mineral  acid  it  passes  into  quinizarin.  More  vigorous 
reduction  with  acid  stannous  chloride  leads,  via  quinizarin,  to  the 
diketone  (42).  In  alkaline  solution  purpurin  can  be  reduced  by  a 
number  of  reagents  with  the  loss  of  an  a-hydroxyl  group.  This  is  a 
convenient  method  of  the  preparation  of  xanthopurpurin  and  its 
derivatives.  Under  these  conditions  the  tautomeric  form  (43)  is 
probably  involved,  the  ‘benzyl’  hydroxyl  group  at  C-l  being  removed 
during  the  reaction. 

Like  quinizarin,  purpurin  can  be  oxidized  to  a  diquinone  with 
lead  tetra-acetate,  or  with  lead  dioxide  in  benzene,  e.g.,  the  di¬ 
quinone  (44) 151  can  be  obtained  from  purpurin-2-acetate.  Other 
oxidants  rupture  the  molecule  although  the  reactions  do  not  appear 
to  proceed  via  the  diquinone.  According  to  Dimroth  and  Schultze152, 
treatment  of  purpurin  with  alkaline  hydrogen  peroxide  in  the 
piesence  of  a  cobalt  sulphate  catalyst  yields  2-acetyl-3-hydroxy-l  :4- 


naphthaquinone  and  they  postulate  oxidative  fission  of  a  tautomeric 
structure  (45)  at  the  double  bond  a  leading  to  the  hypothetical  inter¬ 
mediate  (46)  which  would  readily  yield  2-acetyl-3-hydroxy-l  :4- 
naphthaqumone  by  a  ^-diketone  cleavage.  Other  anthraquinones 
containing  more  than  one  hydroxyl  group  in  the  same  ring  have  been 

afe^3t0,naphthaquin°ne  derivatives  using>  e.g.,  potassium  ferri- 
cyamde  ,  but  purpurin  undergoes  an  unusual  oxidation  with  this 

SrlSr  ^  fn  mu54benZOqUin0ne  (and  Phthalic  acid).  In  this  case 

Head' ng1o  (47)  "****  'he  taUt°mer  (45>  is  oxidiz'd  « 


Pseudopurpurin  (48),  C15H80„  red  leaflets,  m.p.  218-220° 


13 
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This  quinone  is  found  in  many  Rubiaceous  plants,  notably  in 
madder106  where  it  occurs  mainly  in  the  form  of  a  primveroside, 
galiosin14’43.  The  glycoside  can  be  isolated  from  the  fresh  root  but  is 
much  less  stable  than  ruberythric  acid  and  is  very  easily  hydrolysed. 
Galiosin  also  occurs  in  the  roots  of  numerous  Galium 14  and  Asperulali 
spp.,  in  the  wild  madder  Rubia  per  egrina  Linn.14,  R.  cor  difolia  Linn.157, 
and  Crucianella  maritima  Linn.15  In  addition  pseudopurpurin  has  been 
isolated  from  Relbunium  spp.28  and  in  R.  hypocarpium  Hemsl.  is  present 
mainly  as  the  calcium  salt29. 

Pseudopurpurin  is  readily  decarboxylated  to  form  purpurin  and 
like  the  latter,  loses  an  a-hydroxyl  group  when  reduced  with  alkaline 
dithionite,  to  give  munjistin.  It  can  be  prepared158  by  oxidation  of 
either  1:2  or  1 :4-dihydroxyanthraquinone-3-carboxylic  acid  with 
manganese  dioxide  and  sulphuric  acid.  Alternatively  purpurin 
may  be  condensed  in  acid  solution  with  formaldehyde  and  the 
hydroxymethyl  derivative  then  oxidized  with  nitrososulphuric  acid 
in  the  presence  of  boric  acid43. 

The  primveroside,  galiosin,  C26H26016,  was  obtained  by  Hill  and 
Richter43  from  fresh  madder  root  as  yellow  needles,  m.p.  c.  100°.  By 
careful  hydrolysis  under  mild  conditions  the  primverose  can  be  iso¬ 
lated,  more  vigorous  conditions  yielding  a  mixture  of  D-glucose  and 
D-xylose.  As  the  hydrolysis  can  also  be  effected  by  /Lglucosidases 
the  sugar-aglycone  linkage  has  a  ^-configuration,  the  disacchaiide 
being  attached  to  the  hydroxyl  group  at  C-l.  This  is  evident  fiom 
the  colour  reactions  of  galiosin  which  closely  resemble  those  of  mun¬ 
jistin  and  xanthopurpurin,  from  the  rate  of  hydrolysis  (2-glycosides 
hydrolyse  much  more  slowly150),  and  by  the  formation  of  munjistin 
(and  not  a  munjistin  glycoside)  on  reduction  with  hydrogen  and  a 
palladium  catalyst  in  cold  aqueous  solution. 


Boletol  (49)  or  (50),  C15H8Q7,  red  needles,  m.p.  275-280°  (decomp.) 


A  feature  of  many  kinds  of  mushroom  is  their  habit  of  changing 
colour  when  bruised  or  broken  and  this  is  particularly  marked  in  the 
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Schaeff.  ex  Fries  and  B.  satanas  Lenz.  are  known  as  ‘Hexenpilz’  and 
‘Satanspilz’.  The  first  account  of  this  phenomenon  appeared  in  a 
letter  written  by  Schonbein161  to  Faraday  in  1856.  In  spite  of  his 
aversion  to  organic  chemistry  Schonbein  examined  a  number  of 
mushrooms,  particularly  the  red-stemmed  B.  luridus,  and  concluded 
that  a  colourless  principle  was  present  which  became  blue  when 
exposed  to  air  by  the  intervention  of  an  oxygen  carrier.  He  showed 
that  alcoholic  extracts  were  stable  in  air  but  turned  blue  on  addition 
of  the  juice  expressed  from  Boletus  species.  A  red  crystalline  sub¬ 
stance  was  extracted  from  B.  luridus  by  Bohm162,  but  his  material 
(‘luridic  acid’)  appears  to  have  been  heterogeneous  and  the  pure 
pigment,  boletol,  was  isolated  for  the  first  time  by  Bertrand163. 
This  author  suggested  that  boletol  was  a  quinone  having  also  the 
properties  of  a  phenolic  acid,  and  he  found  that  it  could  be  extracted 
from  Boletus  spp.,  e.g.,  B.  subtomentosus  Linn,  and  B.  chrysenteron  Bull., 
which  did  not  turn  blue  when  the  flesh  was  exposed  to  air.  This  was 
ascribed  to  the  absence  of  an  oxidative  enzyme,  laccase. 

The  structure  of  boletol  was  studied  by  Kogl  and  Deijs164.  They 
isolated  the  pigment  from  B.  satanas ,  B.  luridus  and  B.  badius  Fr. 
using  Bertrand’s  method.  To  prevent  enzymatic  oxidation  the 
freshly  gathered  mushrooms  were  quickly  cut  up  and  thrown  into 
boiling  alcohol;  after  filtration,  the  pigment  was  precipitated  as  its 
lead  salt  from  which  the  crude  boletol  was  liberated  as  a  red  syrup 
and  was  purified  by  repeated  extraction  with  ether,  and  boiling 
water,  alternately.  The  extraction  process  was  followed  by  testing 
with  ‘potato  juice’  which  contains  a  phenolase  able  to  oxidize 
boletol  to  the  blue  pigment.  The  labour  involved  is  indicated  by 
the  yield :  1  g.  of  boletol  was  obtained  from  20  kg.  of  B.  satanas  and 
B.  luridus,  and  only  0-19  g.  could  be  isolated  from  70  kg.  of  B.  badius. 

Boletol  was  characterized  as  a  trihydroxyanthraquinonecarboxylic 
acid  by  its  solubility  in  aqueous  sodium  bicarbonate,  the  formation 
o  f  tnacetate  and  a  kwcopenta-acetate,  and  by  degradation  to 
anthracene  when  distilled  over  zinc.  This  satisfies  the  molecular 
tormula  <-,5H80,.  On  heating  its  sodium  salt  with  soda  lime  a  red 
sublimate  was  obtained  which  proved  to  be  purpurin,  and’  when 
boletol  was  oxidized  with  alkaline  hydrogen  peroxide  it  yielded  a 
ttle  hemimelhtic  acid.  It  follows  that  boletol  is  purpurin-5(or  Si- 
carboxylic  acid  (49)  or  (50).  Kogl  and  Deijs166  verified  these 
conclusions  by  synthesis  although  they  were  unable  to  distinguish 
between  the  two  possible  structures.  Condensation  of  hemimdlitic 

travJ  ndC  and  qr01  !n  fuSCd  aluminium  chloride-sodium  chloride 
gave  quinizann-5-carboxylic  acid.  Oxidation  of  this  with  lead 

ra-acetate  yielded  the  diquinone  (5 1 )  which,  without  purificatioif 
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was  subjected  to  Thiele  acetylation  and  the  mixed  acetates  obtained 


were  hydrolysed  with  alcoholic  potassium  hydroxide  to  give  a 
mixture  of  1:2: 4-trihydroxyanthraquinone-5  and  -8-carboxylic 
acids,  (49)  and  (50).  These  isomers,  boletol  and  uoboletol,  were 
separated  chromatographically  and  one  of  them  was  shown  to  be 
identical  with  the  natural  colouring  matter.  A  less  successful,  and 
still  ambiguous,  synthesis  started  from  hemimellitic  anhydride 
and  1 :2 :4-trimethoxybenzene;  the  mixed  anthraquinones  obtained 
from  a  two-step  condensation  were  converted  into  their  leuco- 
diacetates  from  which  a  product  was  isolated  (after  twenty  re- 
crystallizations)  identical  with  trimethylboletol-^wcodiacetate. 

Oxidation  of  boletol  with  lead  tetra-acetate  gave  a  yellow-brown 
diquinone  (52)  whose  light  blue  solution  in  aqueous  sodium 
carbonate  was  identical  with  that  obtained  by  enzymatic  oxidation 
of  boletol.  The  blue  colour  which  appears  when  certain  Boletus 
are  damaged  is  thus  accounted  for  and  a  transient  colour  is  to  be 
expected  fn  view  of  the  great  reactivity  of  such  diquinones  which 
readily  revert  to  the  monoquinone  state. 

Island, cin  (53),  C15H10O5,  dark  red  plates,  m.p.  218° 


The  mould  Penicillium  islandicum  Sopp  produces  a  complex  mixture 
of  oSments  when  grown  on  a  Czapek-Dox  glucose  solution, 

°t  pigm  &  npr  rent  of  the  dry  weight  of  the 

amounting  much^:  ^  fay  Howard  and 

Raistrick  and  by  Shibata  and  his  colleagues  The  first  substa"“ 

removal  of  the  fraction  soluble  in  aqueous  sodium  carbonate. 
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Islandicin  contains  one  C-Me  group,  gives  a  violet  solution  in 
aqueous  sodium  hydroxide  and  forms  a  triacetate  and  a  trimethyl 
ether.  These  facts  agree  with  a  trihydroxymethylanthraquinone 
structure  which  satisifies  the  molecular  formula  C15H10O5,  and  this 
was  confirmed  by  oxidation  with  manganese  dioxide  in  concentrated 
sulphuric  acid  to  give  cynodontin,  a  tetrahydroxymethylanthra- 
quinone  (p.  216).  As  islandicin  is  not  soluble  in  sodium  carbonate 
solution  all  the  hydroxyl  groups  must  occupy  a-positions  and  the 
four  structures  given  below  are  therefore  possible.  Of  these, 
compounds  (c)  and  (d)  (helminthosporin)  are  known  and  are 


different  from  the  P.  islandicum  metabolite,  and  Howard  and 
Raistrick167  showed  that  formula  (a)  correctly  represented  islan¬ 
dicin  by  a  reduction  with  hydriodic  acid  and  red  phosphorus  which 
yielded,  after  oxidation  of  the  intermediate  anthranol,  chrysophanic 
acid.  In  this  reduction  two  hydroxyl  groups  are  removed  from  the 
intermediate  /mroislandicin :  those  at  C-9  and  the  flanking  im¬ 
positions  are  retained  whilst  the  group  adjacent  to  the  methyl  group 
and  its  neighbouring  peri- hydroxyl  group  are  eliminated.  The 
reduction  of  catenarin  is  similar168. 

Venkataraman  and  co-workers169  have  confirmed  structure  (53) 
by  synthesis.  The  o-benzoylbenzoic  acid  (54;  R  =  H),  previously 
used  m  the  original  synthesis96  of  chrysophanic  acid,  was  coupled 
\\  ith  diazotized  aniline  and  the  azo  compound  (54  •  R  =  PhN  =  N— ) 
then  reduced  to  the  diamine  (55).  When  the  latter  was  tetra- 


no2 


OH 


oco» 

R 

(54) 


nh2 


NH, 


(55) 


“X«medntthoefS(heti0n  toco"cen"'ated  sulphuric  arid  at  150°, 
methjlamhraqumone  which  was  identical  with  islandicin  Y 
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to  P.  islandicum.  According  to  Agarici170  funiculosin,  C15H10O5, 
m.p.  218°,  is  a  trihydroxymethylanthraquinone  although  it  appa¬ 
rently  gave  anthracene  on  zinc-dust  distillation  (of  carminic  acid, 
p.  225).  Otherwise  its  properties  correspond  to  those  of  islandicin. 

Helminthosporin  (56),  C15H10O5,  dark  maroon  needles,  m.p.  227° 


Me 


0 


(56) 


The  plant  pathogen,  Helminthosporium  gramineum  Rabenhorst, 
which  is  responsible  for  the  ‘leaf  stripe’  disease  of  barley,  produces 
anthraquinone  pigments  in  remarkable  abundance.  When  grown 
on  a  Czapek-Dox  medium  containing  glucose  a  mixture  of  helmin¬ 
thosporin  and  catenarin  (p.  214)  is  formed,  constituting  about  30 
per  cent  of  the  dry  weight  of  the  mycelium171.  Helminthosporin 
also  occurs,  with  other  pigments,  in  H.  cynodontis  Marignoni172 
and  H.  tritici-vulgaris  Nisikado1'3. 

The  results  of  acetylation  and  zinc-dust  distillation  indicate 
that  helminthosporin  is  a  trihydroxy-2-methylanthraquinone  and 
the  orientation  of  the  substituents  was  established  by  Raistrick, 
Robinson  and  Todd171  as  follows.  Chromic  acid  oxidation  of  the 
triacetate  yielded  triacetylhelminthosporic  acid  which  was  converted 
by  hydrolysis  and  decarboxylation  with  copper  chromite  in  boiling 
m, innline  into  1 : 4 : 5-trihVdroxyanthraquinone.  This  allows  four 


route,  condensat 
m-cresol,  is  not  a 
in  cyclizing  the  ii 


the  intermediate  o-benzoylbenzoic  acid  which  must,  of 
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necessity,  occur  meta  to  both  hydroxyl  and  methyl  groups;  the 
yield  at  this  stage  is  only  6  per  cent165. 

Emodin  ( frangula-emodin ,  rheum-emodin)  (57),  C15HJ0O5,  orange 

needles,  m.p.  255° 


0 


(57) 


The  alternative  names  for  this  colouring  matter  were  introduced  to 
distinguish  it  from  aloe-emodin  with  which  it  sometimes  occurs, 
e.g.,  in  rhubarb.  It  is  found  in  the  free  state,  or  more  commonly  as 
a  glycoside,  in  the  roots  of  many  species  of  Rheum  and  Rumex,  and 
also  in  Rhamnus  spp.,  notably  in  the  bark  of  the  common  buckthorn 
(■ Rh .  cathartica  Linn.),  the  alder  buckthorn  (Rh.  frangula  Linn.)  and 
in  cascara  sagrada  which  is  the  dried  bark  of  the  North  American 
species  Rh.  purshiana  DC.*  The  cathartic  action  of  these  materials 
has  been  employed  for  generations;  cascara  sagrada  still  appears 
in  the  British  Pharmacopoeia 177  and  is  used  mainly  in  the  form  of  a 
fluid  extract.  Other  sources  of  emodin  are  chrysarobin86>200,  the 
wood  of  Sonneratia  acida  Linn.  ( Lythraceae )79|  a  small  tree  found  on 

the  coasts  of  India,  and  the  toadstool  Cortinarius  sanguineus  (Wulf.) 
Fries178. 

Emodin  was  first  isolated179  from  rhubarb  in  the  year  1858  and 


there  followed  a  long  series  of  rather  confused  investigations 
involving  many  workers:  the  history  of  this  period  has  been  detailed 
by  Eder  and  Widmer180.  Eventually  the  presence  of  a  /9-methyl 
group  and  three  hydroxyl  groups  was  established,  and  nnp  r>f  tVio 


j  ..  ,  V,  ’  mcuiymuon  witn  methyl  iodide 

and  sodium  methoxide  yielded  only  a  monomethvl  etWi02  it 


191 


ANTHRAQUINONES 


to  represent  emodin  as  either  (a)  or  (b)  or  (c).  By  chromic  acid 


"Me 


or 


Me 


oxidation  of  emodin  triacetate  emodic  acid,  a  trihydroxyanthra- 
quinonecarboxylic  acid,  can  be  obtained183.  This  is  resistant  to 
decarboxylation,  which  suggests  that  the  carboxyl  group  is  not 
adjacent  to  a  hydroxyl  group;  structure  (c)  is  therefore  unlikely. 
As  the  colours  in  alkaline  solution  of  emodin  and  1:2: 8-trihydroxy- 
anthraquinone  are  quite  different,  structure  (b)  is  also  improbable 
and  hence,  by  elimination,  emodin  has  structure  (a).  This  has 
been  established  by  synthesis. 

The  method  of  Eder  and  Widmer180  is  shown  below;  the 


orientation  of  the  intermediates  was  not  established  but  in  a  later 
paper  Eder  and  Hauser184  succeeded  in  converting  emodin  mono¬ 
methyl  ether  first  into  emodic  acid  monomethyl  ether  and  then  into 
1  •  3 : 8-trihydroxyanthraquinone  which  confirmed  structure  (a). 
Apart  from  the  ambiguity,  the  weakness  of  the  above  synthesis j  is 
the  difficulty  of  cyclizing  the  0-benzoylbenzoic  acid  meta  to  the 
hydroxyl  and  methyl  groups.  This  is  made  easier  by  introducing  a 
bromine  atom  para  to  the  hydroxyl  group  prior  to  cychzation,  a 
"d adopted  by  Jacobson  and 

started  from  3 : 5-dimethoxyphthalic  anhydride  and  m-cie  . 
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Posternak  and  co-workers186  preferred  to  introduce  the  bromine 
atom  initially  and  the  first  step  in  their  procedure  was  the  acylation 
of  methyl  3 : 5-dimethoxybenzoate  with  5-bromo-2-methoxy-4- 
methylbenzoyl  chloride.  Recently  Miihlemann  has  made  a 
different  approach  and  his  total  synthesis187  of  emodin  is  entirely 
free  from  ambiguity:  the  reactions,  indicated  below,  follow  a 
scheme  of  biogenesis188  suggested  earlier  by  the  same  author.  The 
successful  laboratory  synthesis  provides  strong  support  for  Miihle- 
mann’s  proposal  which,  it  will  be  observed,  fits  neatly  into  the 
acetate  hypothesis.  This  mode  of  biogenesis,  moreover,  includes 


MeO 


CH3COCH3 


C02Et  CC^Et 

ch2co(!:h2 

ch2coch2coch3 


*2 


MeO 


Me1 


emod  man  throne  which  is  almost  certainly  the  natural  precursor  of 
ypencin.  In  the  laboratory  synthesis,  cyclization  of  the  acid  (58) 
to  the  anthrone  (59)  was  effected  by  fusing  with  anhydrous  zinc 
chloride  containing  a  trace  of  sulphuric  acid,  carbon  dioxide  being 
ost  simultaneously.  Emodin  was  obtained  by  final  oxidation  and 

°n  b!Ut  U  Can  m  faCt  be  got  directlY  from  (58)  by  heating 
hypophosphite.  ^  ““  containi"S  a  sodium 

The  Glycosides 

According  to  Perkin^  the  root  bark  of  the  Japanese  perennial 
Polygonum  cusp, datum  Sieb.  and  Zucc.  contains  polygonin  C  H  O  ’ 
orange-yellow  needles  m  n  909  90^o  u-  l  .  ,  ,  *  ^2iri20uioj 

particular  those  occurring  in  the  bark  of Rh^f  sPecies>  111 

Th~ 
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a  period  of  storage  (frequently  one  year)  before  use.  The  most 
recent  work  indicates  that  anthraquinones  are  not  present  as  such 
in  the  fresh  bark  (or  only  in  traces88’197)  but  exist  in  a  reduced  state 
in  combination  with  sugars;  on  keeping,  oxidative  and  hydrolytic 
reactions  take  place  giving  a  mixture88’199  of  anthrones  and 
anthraquinones,  either  as  glycosides  or  in  the  free  state,  but  it  is 
still  not  certain  which  compounds  constitute  the  actual  purgative 
principles.  The  free  quinones  individually  have  little  or  no  cathartic 
action. 

As  a  consequence  of  the  changes  which  occur  on  storage,  or 
during  extraction  processes,  the  numerous  studies  on  the  emodin 
glycosides  have  produced  conflicting  results.  The  simplest  product 
is  the  rhamnoside,  frangulin  (franguloside  or  rhamnoxanthin), 
C21H20O9*H2O,  orange  crystals,  m.p.  249°,  [a]D— 134-4°  (80  per 
cent  acetic  acid),  first  isolated  in  1853  by  Buchner191  from  Cortex 
Rhamni  Frangulae  (frangula  bark).  Frangulin  however,  is  an 
artefact  resulting  from  the  enzymatic  hydrolysis  of  glucofrangulin, 
C27H30O14,[a]|^— 123-7°  (methanol),  which  has  not  been  obtained 
in  a  crystalline  state,  and  it  was  shown  by  Casparis  and  Maeder192 
to  yield  L-rhamnose,  D-glucose  and  emodin  on  hydrolysis.  Similar 
results  were  obtained  by  Bridel  and  Charaux193  who  isolated 
another  monoside  named  frangularoside,  C21H2409,  yellow  prisms, 
m.p.  234°,[a]5461-2  1  9°,  which  was  also  regarded  as  the  degradation 
product  of  a  more  complex  heteroside.  Frangularoside  appears  to 
be  an  anthrone  or  anthranol  glycoside  possibly  related  to  jestenn 
(shesterin),  pale  yellow  needles,  m.p.  229-234°,  obtained  from  the 
fruits  of  Rh.  cathartica,  which  on  hydrolysis  yields  a  mixture  of  a 

hexose,  a  pentose  and  emodinanthrone198.  .  . 

The  general  belief  that  the  glycosides  occur  in  Rhamnus  barks  in 
complex  form  has  been  sustained  by  recent  work  from  Swiss 
laboratories.  Seebeck  and  Schindler194  have  demonstrated  that 
glucofrangulin  is  a  monobioside  by  the  preparation  of  a  crystalline 
octa-acetate,  and  also  a  disodium  salt  which  shows  that  two 
phenolic  groups  are  unsubstituted.  On  hydrolysis  with  rhamno 
diastase  it  gave  frangulin  and  glucose,  but  it  was  not  affected  by 
emulsin*  Measurement  of  the  slow  rate  of  alkaline  hydrolysis 
indicated,  by  comparison  with  the  earlier  studies  o  Gardner  and 
Demaree'59,  that  the  bioside  was  probably  at‘achcd  “  f95 

nhenolic  group  (C-6)  by  an  a-glycosidic  linkage.  Schindlei 
therefore  represented  glucofrangulin  as  (60).  This  author  has  also 
described  in  another  paper196,  the  isolation  of  a  new  g  ucosi  e  in 
fhe  form  rf  red  needles,  m.p.  220°.  On  hydrolysis  it  yields  emodin 
and  one  mole  of  glucose  and  is  said  to  form  a  hepta-aceta  . 
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emodin  monoglucoside  could  only  form  a  hexa-acetate  and  it  is 

0  0 


Glucose-  rhamnose 


(61) 

therefore  suggested  that  this  substance  is  the  glucoside  of  emodin- 
oxanthrone  (61)  (or  the  meso  isomer).  However  this  needs  further 
confirmation  as  the  analyses,  including  the  acetyl  determinations 
and  the  molecular  weight  (Rast),  do  not  decisively  distinguish 
between  (61)  and  emodin  monoglucoside. 

From  the  most  recent  investigations  of  Miihlemann  and  Schmid197 
it  appears  that  the  glycosides  of  fresh  frangula  bark  are  mainly 
dianthrones.  Acetylation  of  aqueous  extracts  gave  a  mixture  of 
glucofrangulinanthranol  and  ‘reduced  glucofrangulinanthranol’ 
acetates  which  could  be  separated  chromatographically  to  give 
fractions  whose  analysis  and  molecular  weight  (Rast)  corresponded 
to  a  molecular  formula,  containing  eighteen  acetyl 

groups.  More  accurate  molecular  weight  determinations  by  the 
Barger-Signer  method141  showed  that  these  ‘bimolecular’  products 
contained  a  proportion  of  glucofrangulin  acetate.  Removal  of  the 
acetate  and  sugar  residues  (identified  as  rhamnose  and  glucose) 
left  a  crude  aglycone  which  could  be  oxidized  to  emodin.  These 
authors  therefore  considered  that  the  ‘reduced  glucofrangulin’ 
isolated  from  frangula  bark  is  a  di-emodinanthrone  bisrhamno- 
g  ucoside  of  the  type  (62)  similar  to  the  sennosides  which  occur  in 
senna  leaves.  The  location  of  the  bioside  moieties  and  the  linkage 


■Rhamnose  -  glucose 


Rhamnose  -glucose 


of  the  anthrone  units  (9 '9'  nr  in-i<Y\  u 

Miihlemann  and  Schmid  also  showed  ,hat7e  aCun^nlhrone 
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glycosides  present  in  fresh  bark  decreased  on  storage  with  a  con¬ 
comitant  increase  in  the  proportion  of  anthrone  glycosides.  After  a 
year  the  anthrone  glycosides  have  nearly  all  been  converted 
enzymatically,  via  glucofrangulin  and  frangulin,  into  emodin. 

According  to  Eder  and  Hauser201,  the  complex  mixture  of 
anthracene  derivatives  found  in  chrysarobin  also  contains  dian- 
thrones.  These  were  examined  previously  by  Tutin  and  Clewer86 
and  their  ‘dehydroemodindianthranol  monomethyl  ether’  appears 
to  be  (63)  whilst  the  compound  ararobinol  is  (64).  Each  substance 
can  be  oxidized  and  reduced,  respectively,  to  the  corresponding 


0  0 


anthraqumone  and  anthrone.  No  doubt  these  compounds  exist  in 
Nature  as  glycosides  and  it  seems  likely  that  some  of  the  other 
anthraquinones  isolated  from  plants  are  artefacts  derived  from 
dianthrones.  It  is  interesting  to  note  that  anthraquinones  belonging 
to  the  chrysophanic  acid-emodin  group  are  elaborated  by  certain 
mould  species  some  of  which  also  produce  ‘bimolecular’  compounds. 


Physcion  (parietin,  parmel  yellow,  lichen-chrysophanic  acid ,  rheochrysidin, 
emodin-6-methyl  ether)  (65);  C16H12Os,  orange-yellow  leaflets, 

m.p.  207° 

0 


Me 


(65) 

Phvscion  occurs  with  emodin  and  chrysophanic  acid  in  various 
/?/»/>«m71.108  Rumex™’102’202  Rhamnus 103>203  and  Polygonum 

and  in  chrvsarobin86’205.  It  appears  to  exist  both  in  the  free  state 
and  i  n  c  o  mbi  n  a  donw  i  th  sugars,  bu?. .he  only  definite  glycoside  wh.ch 
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has  been  isolated  is  rheochrysin,  C22H22O10,  a  yellow  glucoside 
found  in  rhubarb  by  Gilson206.  Physcion  was  first  discovered  in  the 
yellow  wall  lichen  Xanthoria  (=  Physcia  =  Parmelia )  parietina{ L.) 
Beltram207  which  was  at  one  time  used  in  Sweden  for  the  dyeing  of 
wool  and  apparently  for  medical  purposes.  Numerous  other 
lichens  are  known  to  contain  this  colouring  matter* :  these  include 
Xanthoria  fallax  (Hepp.)  Arn.144,  Teloschistes  jlavicans{ Sw.)  Norm.208, 
T.  exilis  Wainio209  and  Caloplaca  elegans(lAnk)21Q .  Physcion  is  also 
a  mould  metabolite  and  is  produced  (with  other  pigments)  by 
Penicillium  herquei  Bainier  and  Sartory326  and  by  numerous  species  of 
the  Aspergillus  glaucus  series211  when  grown  on  a  Czapek-Dox  medium 
containing  glucose;  indeed  the  first  definite  evidence  that  lichen 
acids  are  produced  by  the  fungal  half  of  the  symbiont  was  Raistrick’s 
demonstration212  that  the  pigment  produced  by  the  mould  ‘ Asper¬ 
gillus  ruber  (Mangin)  Raper  and  Thom’,  and  the  pigment  of  the 
lichen  Xanthoria  parietina  were  identical.  Five  species  of  Aspergillus 
glaucus  yield,  in  addition,  the  two  anthrones  (m.p.  260°  and  181-2°) 
corresponding  to  physcion  which  have  been  found  also  in  the  root 
bark  of  the  climbing  shrub  Ventilago  maderaspatana( Gaertn.). 
(■ Rhamnaceae )213,  in  rhubarb215  and  in  chrysarobin216.  The  isomer  of 
lower  melting  point  may  be  prepared  by  reducing  physcion  with 
zinc  and  acetic  acid ;  this  is  presumably  the  9-anthrone. 

Hesse-  4  showed  that  physcion  could  be  demethylated  by  heating 
with  concentrated  sulphuric  acid  to  give  emodin  and  since  it  is 
insoluble  in  aqueous  sodium  carbonate  and  fails  to  form  a  pyridine 
salt  the  /7-hydroxyl  group  must  be  methylated  as  in  (65).  The  pig¬ 
ment  can  be  obtained  from  emodin  by  partial  methylation  with 
methyl  iodide  and  sodium  methoxide  in  methanol182,  or  with 
potassium  acetate  and  methyl  sulphate214. 


Ckreorosein  (co-hydroxyemcdin)  (66),  C15H10O6,  orange  needles,  m.p 


0 


0 


(66) 


For  older  references  see  Beilstein  vol.  VIII. 
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salts  containing  glucose.  In  the  case  of  P.  cyclopium  an  oxidation 
product,  emodic  acid,  is  also  produced  and  the  mixture  may  be 
separated  by  fractional  crystallization  of  the  acetates. 

Citreorosein  contains  a  /9-hydroxyl  group  since  it  dissolves  in 
aqueous  sodium  carbonate  and  forms  a  monopyridine  salt,  and  it 
yields  2-methylanthracene  when  distilled  over  zinc.  Posternak218 
observed  that  the  colour  reactions  and  ultra-violet  absorption  were 
similar  to  those  of  emodin  and  he  therefore  concluded  that  hydroxyl 
groups  were  present  at  positions  1 :6:8  in  the anthraquinone  nucleus. 
However  the  formation  of  a  tetra-acetate,  tetrabenzoate  and,  with 
some  difficulty,  a  tetramethyl  ether  shows  that  a  fourth  hydroxyl 
group  is  present,  probably  attached  to  the  methyl  group.  This  was 
confirmed,  and  the  position  of  the  hydroxymethyl  group  established 
by  the  contemporaneous  work  of  Anslow,  Breen  and  Raistrick220, 
and  Posternak219.  They  showed  that  chromic  acid  oxidation  of  the 
tetra-acetate  led  to  the  formation  of  triacetylemodic  acid  whilst 
reduction  of  the  pigment  itself  with  hydriodic  acid  and  red  phos¬ 
phorus,  and  reoxidation  of  the  intermediate  anthrone,  gave  emodin. 
Citreorosein  is  therefore  co-hydroxyemodin.  It  has  been  synthe¬ 
sized221  very  recently  by  converting  emodin  triacetate  into  its  a>- 
bromo  derivative  using  jV-bromosuccinimide,  followed  by  reaction 
with  silver  acetate  in  acetic  anhydride  and  final  hydrolysis  of  the 
tetra-acetate. 


Teloschistin  (67),  C16H1206,  orange  plates,  m.p.  245  247 
Fallacinol  (67),  C16H12Oe,  orange-red  needles,  m.p.  236-237 


0 


The  lichen  TeloschisUs  flavicans  (Sw.)  Norm,  contains  both  physc.on 
and  its  tu-hydroxy  derivative;  the  latter  was  recently  isolated2  and 
identified222  by  Seshadri  and  his  co-workers.  The  new  pigment, 
teloschistin,  contained  a  methoxyl  group  and  w^  obvmusly  ctee^ 
related  to  physcion  since  it  gave  emodin  on  reduction  hydriodic 
acid  and  red  phosphorus  followed  by  chromic  acid  oxidation  of  the 
intermediate  anthrone.  As  it  formed  a  triacetate  but  only  a  d  - 
methyl  ether  on  treatment  with  methyl  sulphate  under  mild  a m  - 
dons,  one  hydroxyl  group  appeared  to  be  alcoholic,  indicating  that 
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teloschistin  was  a  monomethyl  ether  of  a>-hydroxyemodin.  The 
position  of  the  methoxyl  group  was  established  by  a  controlled 
oxidation  of  triacetylteloschistin  with  chromic  acid  in  acetic  anhy¬ 
dride  which  yielded  the  diacetate  of  emodic  acid  6-methyl  ether.  A 
similar  oxidation  of  physcion  diacetate  gave  the  same  product. 
Teloschistin  is  therefore  co-hydroxyphyscion,  a  compound  which 
had  been  obtained  previously  in  Raistrick’s  laboratory220  by  partial 
methylation  of  co-hydroxyemodin.  It  has  also  been  synthesized  from 
physcion  by  the  Indian  group223  using  the  method  employed  for 
converting  emodin  into  citreorosein. 

Very  recently  Murakami226  has  shown  that  fallacinol,  a  minor 
constituent  of  the  lichen  Xanthoria  fallax  (Hepp.)  Arn.  ( see  below)  is 
also  identical  with  eo-hydroxy physcion.  There  is  considerable 
divergence  in  the  melting  points  reported*  for  teloschistin,  fallacinol 
and  synthetic  a>-hydroxyphyscion,  and  as  yet  the  two  natural 
pigments  have  not  been  directly  compared. 

Fallacinal  (68),  C16H10O6,  orange-yellow  needles,  m.p.  251-252° 


(VO) 

The  lichen  Xanthoria  fallax  (Hepp.)  Arn.  is  notable  in  that  it  produces 
three  closely  related  anthraquinones  which  differ  only  in  the  state  of 
oxidation  of  the  side  chain.  These  are  physcion,  fallacinol  and  falla¬ 
cinal  having,  respectively,  the  side  chains  CH3,  CH2OH  and  CHO 
The  separation  of  these  pigments  is  difficult.  In  the  initial  investi- 
gatmn  of  Asano  and  Fuziwara224  only  one  product  (fallacin)  was 
obtained.  Physcion  was  separated  later14*  by  chromatography  and 
veiy  lecently  Murakami226  has  been  able  to  show  that  fallacin  is  not 

°n  2  CO‘Umn  °f CaldUm  ph°SPhate 

Fa1|acma|,  C15H705  (OMe),  is  tile  second  naturally  occurring 
anthraqutnone  possess, ng  an  aldehyde  group.  Its  presence  wa! 

ob*aS'rbyk  p^lrjthyMon  tflhvC?  T  229r231”  ^  a  product 
sodium  methoxide  but  Shibata  (see  ref  22^61  who”?0^"  wl!h,I?'*V*  iodide  and 
acetate,  recorded  m.p.  235°.  Reaction  of , ,  k  h  Us m.ethyl  iodide  and  sodium 
acetate  and  hydrolysis  gives  to-hydroxyphyscion^m  pP  2451247®laCCta!S-With  sUvCr 
adn  et  */.»  bu,  Murakami-  (who  uS iumS| ^repoVteXp  2T2M?h' 
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revealed  by  the  infra-red  spectrum  and  the  formation  of  a  2 : 4-dini- 
trophenylhydrazone  and  a  tetra-acetate  (cf.  damnacanthal).  In 
view  of  the  occurrence  of  physcion  in  the  same  lichen,  structure  (68) 
seemed  most  probable  on  biogenic  grounds  and  Murakami  has  con¬ 
firmed  this  by  synthesis,  converting  diacetylemodic  acid  6-methyl 
ether  into  its  acid  chloride  followed  by  Rosenmund  reduction  and 
final  hydrolysis.  The  aldehyde,  obtained  in  low  yield,  was  identical 
with  the  natural  pigment. 

Roseopurpurin  ( carviolin ,  citreorosein-\ -methyl  ether )  (69),  C16H12Oe, 
yellow  needles,  m.p.  286° 


0 


0 


(69) 


This  mould  metabolite  was  isolated  independently  by  Posternak218b-227 
and  by  Hind228  who  were  working  at  the  same  time  with  cultures 
of  Penicillium  roseo-purpureum  (=T.  carmino-violaceurri)  Dierckx.  The 
identity  of  the  two  compounds  was  subsequently  established  by 
direct  comparison28®.  Hind  also  isolated  a  second  pigment,  carvio- 
lacin,  which  he  separated  from  carviolin  by  fractional  crystallization 
of  their  acetyl  derivatives.  Roseopurpurin  contains  one  methoxyl 
group  and  forms  a  triacetate,  a  /^wropenta-acetate  and,  undei 
vigorous  conditions*,  a  trimethyl  ether  which  proved  to  be  identical 
with  w-hydroxyemodin  tetramethyl  ether.  It  is  therefore  another 
monomethyl  ether  of  co-hydroxyemodin  isomeric  with  teloschistin. 
Since  it  is  soluble  in  aqueous  sodium  carbonate  and  forms  a  mono¬ 
pyridine  salt,  the  ^-hydroxyl  group  is  not  methylated  and  Posterna 
observed  that  the  colour  changes  from  yellow  to  reddish-brown  at 

_  _  _  i  r»  1  _1  * _1_  rArlrlicli-mirnlp  7\t  ‘Dll 


sodium  hydroxide  under  similar  conditions229. 
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the  latter  was  settled  by  a  similar  two-stage  oxidation  of  6-methoxy- 
2 : 4-dimethylacetophenone  which  gave  the  same  product. 
Roseopurpurin  therefore  has  the  structure  (69). 

0 


OMe 


ch2oh 


OMe 

HOjCrf^ 

HOjC^^COjH 


OMe 

MeCOrj^ 

Me\x/Me 


(69)  (70) 

Carviolacin,  C20H16O7,  light  brown  needles,  decomp.  243° 
Carviolacin,  the  second  colouring  matter  isolated  from  P.  roseo- 
purpureum,  is  indistinguishable  from  the  first  by  its  colour  reactions 
and  therefore  appears  to  be  closely  related  to  roseopurpurin,  at 
least  in  regard  to  the  number  and  distribution  of  the  phenolic  groups. 
It  contains  a  methoxyl  group,  forms  a  trimethyl  ether,  and  yields 
2-methylanthracene  on  zinc-dust  distillation.  According  to  the 
molecular  formula,  carviolacin  differs  from  roseopurpurin  by  a 
fragment  G4H40  but  confirmation  of  this  is  desirable. 

Emodic  Acid  (71),  C15H807,  orange  needles,  m.p.  363-365° 


co2h 


As  mentioned  above,  this  compound  was  obtained  from  a  strain  of 
P.  cyclopium  Westling  by  Raistrick  and  his  colleagues22"  and  proved 
to  be  identical  with  a  synthetic  sample  prepared1**  by  chromic  acid 
oxidation  of  emodin  triacetate. 

Jlo)  Ci8Hi6°6>  orange  needles,  or  plates,  m.p.  199-200°, 
taJ5790  i  ^9-7  (chloroform) 


(72) 


14 
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Penicillium  nalgiovensis  Laxa  is  one  of  the  organisms  responsible  for 
the  ripening  of  Ellischauer  cheese,  a  form  ol  Camembert  peculiar  to 
the  Nalzovy  region  of  Southern  Bohemia.  When  grown  on  Raulin— 
Thom  solution  two  interesting  anthraquinone  pigments  are  produced 
which  have  been  examined  by  Raistrick  and  Ziffer231.  The  major 
product,  nalgiovensin,  can  be  isolated  from  the  dried  mycelium  with 
light  petroleum.  It  has  the  molecular  formula  C18H1606,  contains 
one  O-Me  and  one  C-Me  group,  and  is  optically  active.  A  triacetate 
was  readily  obtained  but  methylation  with  methyl  sulphate  and 
alkali  gave  only  a  dimethyl  ether,  insoluble  in  alkali.  The  third 
hydroxyl  group,  evidently  alcoholic,  could  be  methylated  however, 
with  methyl  iodide  and  silver  oxide. 

The  orientation  of  the  substituents  was  revealed  by  oxidation 
experiments.  Treatment  of  nalgiovensin  triacetate  with  chromium 
trioxide  in  acetic  acid  yielded  1 : 8-diacetoxy-6-methoxyanthra- 
quinone-3-carboxylic  acid  and  the  corresponding  1 : 6 : 8-trimethoxy 
acid  was  similarly  obtained  from  nalgiovensin  dimethyl  ether.  A 
milder  oxidation  of  nalgiovensin  itself  gave  emodic  acid  6-methyl 
ether  (73;  R  =  C02H)  together  with  a  larger  amount  of  an  orange 


0 


compound,  C18H14Oe.  This  product  contains  two  atoms  of  hydrogen 
less  than  nalgiovensin,  is  not  optically  active,  and  probably  arises  by 
oxidation  of  >CHOH  to  >C=0.  It  is  evident  from  this  series  of 
oxidations  leading  to  emodic  acid  derivatives  that  nalgiovensin  has 
the  structure  (73)  where  R  (by  difference)  is  C3H70.  This  substi¬ 
tuent  must  contain  both  an  asymmetric  carbon  atom  and  a  hydroxyl 
group  and  is  therefore  of  the  form  (a)  CH(OH)CH2CH3,  (b) 
-CH2CH(OH)CH3  or  (c)  -CH(CH3)CH2OH.  The  latter  is 
improbable  since  the  oxidation  product  C18H1406  is  not  optica  y 
active  whereas  structure  (c)  should  lead  to  the  aldehyde 

_ CH(CH3)CHO  which  still  possesses  an  asymmetric  carbon  atom. 

Raistrick  and  Ziffer  found  that  a  hypoiodite  oxidation  of  nalgio¬ 
vensin  dimethyl  ether  gave  emodic  acid  trimethyl  ether,  but  no 
iodoform,  which  appears  to  eliminate  structure  (b).  However, 
nalgiovensin  itself  gives  a  positive  iodoform  reaction .  and  B ire 
has  obtained  further  evidence  to  support  structure  (b).  Chromic 
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acid  oxidation  of  nalgiovensin  triacetate  introduces  a  fui  tliei  cai  - 
bonyl  group  next  to  a  benzene  ring  (Ac-o  1705  cm.  1)  and  its  infra¬ 
red  spectrum  shows  that  both  phenolic  and  alcoholic  acetate  groups 
are  still  present.  This  compound  therefore  seems  to  have  a  side 
chain  of  structure  — COCH(OAc)CH3  and  the  compound  Cl8H14Oe, 
obtained  by  Raistrick  and  Ziffer,  shows  an  open-chain  carbonyl 
band  at  1 722  cm.-1  which  agrees  with  a  — CH2COCH3  side  chain. 
This  latter  was  obtained  by  gentle  oxidation  of  nalgiovensin  which 
has  therefore  structure  (72).  Reduction  of  nalgiovensin  with  hydri- 
odic  acid  and  red  phosphorus  yields,  after  oxidation  of  the  inter¬ 
mediate  anthrone*,  a  new  anthraquinone,  C17H1405,  which  is 
undoubtedly  1:6: 8-trihydroxy-3-propylanthraquinone. 

JValgiolaxin  (74),  C18H1506C1,  yellow  plates  or  needles,  m.p.  248°, 
[a]p90  +  40.3°  (chloroform) 


After  the  initial  extraction  of  the  dried  mycelium  of  Penicillium 
nalgiovensis  Laxa  with  light  petroleum  (see  above)  a  further  extraction 
\\  ith  chloroform  then  takes  out  the  residual  nalgiovensin  together 
with  a  second  pigment,  nalgiolaxin,  which  is  present  in  smaller 
amount23*.  Nalgiolaxin  is  unique*  in  that  it  is  the  only  quinone 
included  in  the  small  group  of  naturally  occurring  compounds  which 
contains  chlorine. 


Nalgiolaxin  is  closely  related  to  nalgiovensin.  It  has  the  molecular 
formula  C18H1506C1,  contains  one  O-Me  and  one  C-Me  group  and 
is  optically  active.  A  triacetate  and  a  dimethyl  ether  can  be  pre- 
pared  and  on  reduction  with  hydriodic  acid  and  red  phosphorus, 
o  lowed  by  reoxidation,  a  trihydroxypropylanthraquinone  is  formed 
identical  with  that  derived  fr  om  nalgiovensin.  Oxidation  of  nalgio- 

(OAc)2,  very  similar  to 

SX ^anVp^pyl 
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carboxylic  acid  obtained  in  the  same  way  from  nalgiovensin 
triacetate.  The  chlorine  is  therefore  attached  to  a  ring  and  is  not 
located  in  the  side  chain.  Its  position  has  not  been  established  but 
Raistrick  and  Ziffer231  tentatively  suggest  that  it  occupies  and  a- 
position  (74).  Their  view  is  based  on  the  observation  that  on  heating 
nalgiolaxin  to  160°  in  concentrated  sulphuric  acid,  containing  boric 
acid,  a  red  product  is  obtained  which  gives  colour  reactions  similar 
to  those  of  catenarin  (p.  214)  and  in  particular,  a  solution  in  acetic 
acid  showed  a  green  fluorescence  in  daylight.  The  latter  property 
is  typical  of  quinizarin  derivatives173  and  since  treatment  with  sul¬ 
phuric  acid-boric  acid  is  a  standard  procedure  for  replacing 
chlorine  by  hydroxyl  in  the  anthraquinone  series,  it  seems  likely  that 
the  chlorine  atom  in  nalgiolaxin  is  at  C-4  or  C-5.  The  position  of 
the  side-chain  hydroxyl  group  has  not  been  determined  but  is 
presumably  the  same  as  in  nalgiovensin. 


Endocrocin  (emodin-2-carboxylic  acid)  (75),  C]6H10O7,  copper-red 
leaflets,  m.p.  318°  (decomp.) 

0 

H 

0 

(75) 


JVephromopsis  endocrocea  Asahina  is  a  leafy  lichen  native  to  Japan  fiom 
the  thalli  of  which  Asahina  and  Fuzikawa232  isolated  a  new  anthra¬ 
quinone  by  acetone  extraction.  This  pigment  is  also  a  mould  meta¬ 
bolite  and  was  recently  isolated  from 1  Aspergillus  amstelodami  (Mangin) 
Thom  and  Church2110’.  Endocrocin  is  an  acid  giving  a  red  solution 
in  aqueous  sodium  bicarbonate;  it  forms  a  triacetate,  trimethyl 
ether  and  methyl  ester-trimethyl  ether.  Decarboxylation  with 
copper  chromite  in  boiling  quinoline  yields  emodin,  the  ultra-violet 
spectrum  of  which  is  almost  identical  with  that  of  endocrocin.  Thus 
the  lichen  pigment  is  an  emodin-carboxylic  acid. 

The  position  of  the  acid  function  was  deduced  from  parallel 
experiments  with  emodin  and  endocrocin  derivatives.  Oxidation 
of  emodin  trimethyl  ether  with  chromic  acid  yielded  y-coccinic  acid 
methyl  ether  (76)  whilst  oxidation  of  endocrocin  trimethyl  ether 
methyl  ester  under  the  same  conditions  gave  a  product  012M12U7, 
which  was  shown  to  be  the  monomethyl  ester  of  a  ^bo^yl^  aC' 
corresponding  to  a  methoxycarbonyl  derivative  of  (76).  It  fo 
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that  the  methyl  and  methoxycarbonyl  groups  of  fully  methylated 
endocrocin  lie  in  the  same  ring  and  the  oxidation  product  must  be 


OMe 

H02CA 

H02CV>Me 


ho2c 

ho2c 


OMe 


C02Me 


OMe 

H02C;  |iC02Me 
H02C^/Me 


(76)  (77)  (78) 

the  methyl  ether  monomethyl  ester  of  either  cochenillic  (77)  or 
zjocochenillic  (78)  acid.  The  acid  (77)  has  also  been  derived  from 
kermesic  acid  (p.  227)  and,  since  its  dimethyl  ester  and  the  tri¬ 
carboxylic  acid  obtained  on  hydrolysis  differ  in  melting  point  from 
the  corresponding  derivatives  of  the  endocrocin  oxidation  product, 
the  latter  was  regarded  as  the  isomer  (78).  On  this  basis  endocrocin 
has  the  structure  (75). 


J  ersicolorin  (79),  C15H10O6,  yellow-orange  needles,  m.p.  282° 


Two  Pigments  have  recently  been  isolated  by  Hatsuda  and 
Kuyama  from  the  mycelium  of  Aspergillus  versicolor  (Vuillemin) 
Tiraboschi  cultured  on  a  malt  extract  medium  containing  glucose 

and  peptone.  One  of  these,  versicolorin,  is  an  anthraquinone  and 
the  other  is  a  xanthone  derivative.  “aquinone  and 

whTrehSfCHIOnnif01T  a  PUlple  solution  in  aqueous  sodium  hydroxide 

chain  SSn?  the  being  in  a  side 

colour  with  alcoholic  magnesium  acetate  tv  pig™nt  gl'res  an  orange 
are  probably  located  t0  each  other  and^  by  talog^  wllh^othS 
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fungal  anthraquinones,  two  hydroxyl  groups  are  placed  at  the  :18 
positions.  Assuming  that  the  hydroxymethyl  group  occurs  at  a 
/3-position,  as  is  usual,  three  possible  structures  can  be  envisaged  for 
versicolorin,  one  of  which  can  be  discarded  immediately  as  it  repre¬ 
sents  co-hydroxyemodin.  Hatsuda  et  al.2zi  therefore  proposed  struc¬ 
tures  (79)  (a)  or  (b)  but  as  there  appears  to  be  only  one  carbonyl 
band  in  the  infra-red  spectrum  these  must  be  accepted  with  reserve. 
No  fungal  anthraquinone  of  established  structure  has  substituents  at 
positions  1:2:3. 

Morindone  (80),  C15H10O5,  orange-red  needles,  m.p.  284-5° 


0 


Me 


HO1 


(80) 


Morinda  root,  like  madder  and  chay  root,  was  formerly  an  important 
natural  dyestuff,  particularly  in  India,  and  was  cultivated  for  that 
purpose.  It  consists  of  the  root  of  A dorinda  cxtxijolia  Linn,  and  A/. 
tinctoria  Roxb.  whilst  the  closely  related  species  M.  umbellata  Linn, 
was  used  in  Java  for  calico  printing.  As  in  many  other  Rubiaceae,  the 
pigments,  which  are  found  mainly  in  the  root  bark,  are  numeious, 
the  most  important  being  morindone  and  its  glycoside,  moi  indin, 
which  were  at  first  mistaken  for  alizarin  and  its  glycoside,  rubery- 
thric  acid.  Recently  morindone  and  morindin  have  been  isolated 
from  the  root  of  M.  persicaefolia  Buch.-Ham.240  and  they  both  occur, 
together  with  rubiadin-1 -methyl  ether  in  the  bark  of  the  New 
Zealand  shrub  Coprosma  australis  Robinson52,  the  three  pigments 
forming  1 7  oer  cent  of  the  dry  weight.  The  inner  bark  of  various 


This  led  to  some  confusion236  until  Stein“37 
show  that  morindone  was  not  identical  with 
hv  Thorne238  who  established  the 


matters  in  madder.  This  led  to  some  co 
produced  evidence  to  show  that  morindone 
i * _ mac  /'r>nflrmf“d  bv  Thorpe1 
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Hummel239  who  extracted  both  morindone  and  morindin  from  M. 
umbellata,  and  later  a  more  exact  picture  of  the  morindone  molecule 
came  from  the  work  of  Simonsen240. 

The  trihydroxymethylanthraquinone  structure  was  established  by 
the  formation  of  a  triacetate,  tribenzoate  and  trimethyl  ether,  and 
the  production  of  2-methylanthracene  on  zinc-dust  distillation.  The 
orientation  of  the  groups  was  deduced  by  the  following  reasoning: 
(a)  as  methylation  with  methyl  iodide  and  sodium  methoxide 
yielded  only  a  monomethyl  ether  it  appeared  that  two  of  the 
hydroxyl  groups  occupied  a-positions,  (b)  morindone  is  a  mordant 
dye  resembling  alizarin  and  hence  two  hydroxyl  groups  are  probably 
in  the  1 : 2  positions,  (c)  the  monomethyl  ether  is  readily  attacked  by 
alkaline  permanganate  but  as  no  aromatic  degradation  products 
could  be  isolated  it  seemed  likely  that  a  hydroxyl  group  was  present 
in  the  ring  containing  the  methoxyl  group,  (d)  morindone  is  quite 
stable  in  alkaline  solution  and  is  therefore  not  a  derivative  of  anthra- 
gallol  or  purpurin,  and  (e)  as  it  was  not  possible  to  oxidize  the  tri¬ 
acetate  or  trimethyl  ether  to  an  anthraquinonecarboxylic  acid 
(Me— >  C02H),  it  appeared,  by  analogy  with  model  compounds, 
that  the  methyl  group  was  adjacent  to  a  hydroxyl  group.  Four 
formulae  satisfy  these  data  of  which  (80)  and  (81)  are  the  more 
likely  and  on  the  basis  of  comparative  colour  reactions  Simonsen 
regarded  (80)  as  the  most  probable  structure  for  morindone.  He 


0 


0 

(81) 


207 


ANTHRAQUINONES 

Simonsen24-  started  from  the  condensation  of  3-methoxy-4-methyl- 
phthalic  anhydride  with  anisole  and  the  resulting  o-benzoylbenzoic 


acid  was  converted,  in  stages,  into  1 : 6-dihydroxy-2-methylanthra- 
quinone  which  gave  morindone  when  fused  with  potash  in  the 
presence  of  sodium  arsenate. 


‘ Morindin ’ — Although  all  workers  in  this  field  have  been 
aware  of  the  glycosidic  nature  of  their  material  no  serious 
attempts  were  made  to  identify  the  sugar  component  until  recently. 
The  molecular  formula,  C26H28014,  was  advanced  by  Thorpe238  and 
sustained  by  Perkin244  (who  prepared  an  octa-acetate)  and  by 
Simonsen240.  In  1948  Briggs  and  Dacre52  isolated  a  morindone 
Glycoside  from  Coprosma  australis  which  they  described  as  orange- 
yellow  needles,  m.p.  264-5°  (decomp.),  [a]$  -  90-9°  (dioxan). 
The  melting  point  is  considerably  higher  than  previously  recorded 
but  they  found  that  a  specimen  of  Perkin’s  morindin  (from  M. 
urnbellata)  had  a  similar  melting  point  when  heated  at  the  same  rate. 
Acid  hydrolysis  of  the  Coprosma  glycoside  yielded  morindone,  a  sugar 
identified  as  rhamnose,  and  also  glucose  which  was  isolated  as  its 
osazone.  As  treatment  of  morindin  with  an  excess  of  methyl  sul¬ 
phate  gave,  after  hydrolysis,  only  morindone  and  not  a  methyl  ether, 
ft  is  evident  that  the  /3-hydroxyl  group  is  blocked  and  Briggs  and 
Dacre  concluded  that  their  glycoside  was  mormdone-6-rhamno- 
glucoside.  Their  analyses  support  the  molecular  formula 
1  iH,0*  and  the  hydrolysis  would  therefore  be  represented 


C27H3o014  +  2  H.,0  -*  C15H10O5 

‘morindin’  morindone 


c6h12o6  +  c6h12o5 

glucose  rhamnose 


H  O  formula  was  adopted  by  Oesterle  and  Tisza34*  for  the  glycoside 
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They  also  observed  that  on  boiling  an  aqueous  solution  of  this  glyco¬ 
side  it  was  transformed  into  a  water-insoluble  isomer,  /?-morindin, 
of  almost  identical  melting  point  and  optical  rotation. 

In  1954,  Paris  and  Tuoc245  examined  the  glycoside,  m.p.  264°, 
which  they  isolated  from  M.  persicaefolia.  The  sugars  obtained  by 
acid  hydrolysis  were  identified  as  glucose  and  xylose  by  paper 
chromatography  and  the  isolation  of  their  osazones.  Rhamnose 
was  not  detected.  In  addition  they  subjected  their  glycoside  to 
enzymatic  hydrolysis  and,  after  removal  of  the  morindone,  prim- 
verose  (xyloglucose)  was  detected  in  the  filtrate.  They  concluded 
that  the  material  elaborated  by  M.  persicaefolia  is  morindone-6- 
primveroside  and  obtained  analytical  figures  in  agreement  with  the 
molecular  formula  C2BII28014,  the  hydrolysis  being  represented 

QjsfW-b,!  +  2  H20— ►  C16H10O6  +  CfiH1206  -f-  C6H10O5 
‘morindin’  morindone  glucose  xylose 

It  is  clear  that  different  glycosides  occur  in  M.  persicaefolia  and 
C.  australis  and,  as  the  structure  of  the  glycosides  in  other  Morinda 
spp.  has  yet  to  be  established,  the  term  morindin  can  no  longer  be 
used  to  describe  individual  glycosides. 


Chrysarone,  C15H10O6,  yellow  leaflets,  m.p.  165° 

Very  little  is  known  about  this  quinone.  It  was  found  by  Hesse247 
m  the  root  of  Rheum  rhaponticum  Linn,  in  the  free  state  and  as  a 
glycoside,  glycochrysarone,  C21H20O10.  The  latter  formed  a  purple 
so  ution  in  aqueous  sodium  hydroxide  and  a  red  solution  in  aqueous 
sodium  bicarbonate;  on  hydrolysis  it  gave  a  sugar,  probably 
glucose  (osazone,  m.p.  204°),  and  chrysarone  which  was  apparently 

no  obtained  pure.  A  triacetate  was  prepared,  and  an  anthrone  by 
reduction  with  hydriodic  acid.  oy 

A  trihydroxymethylanthraquinone  was  obtained  by  Keimatsn 

sXandation  ^  ^  further 

RHODOMYCINS  AND  R  HODOM  YCINONES 

formed1  by 

leagues249-255  have  turned  tL;  P*  26)  Brockmann  and  his  col- 

ments  elaborated  by  strains  of!s/r ,Jnll°n  l°  the  red  quinone  pig- 

y  ains  of  Streptomyces  purpurascens  Lindenbein 
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When  grown  on  a  medium  containing  salts,  glycerol,  glycocoll  and 
beerwort,  two  types  of  colouring  matter  are  formed  in  the  culture 
medium  and  mycelium :  (a)  water-soluble,  amphoteric,  glycosides 
termed  rhodomycins  and  (b)  watei'-insoluble,  non-basic,  aglycones 
known  as  rhodomycinones.  The  rhodomycins  can  be  extracted  from 
the  aqueous  solution  at  the  isoelectric  point  (pH  8-5)  and  arc  con¬ 
veniently  isolated  as  their  crystalline  picrates,  hydrochlorides  or 
perchlorates.  By  counter-current  separation250’251  two  fractions  A 
and  B  were  obtained,  further  separated252  by  ring  paper  chromato¬ 
graphy  into  rhodomycin  A  and  worhodomycin  A,  and  rhodomycin 
B  and  uorhodomycin  B,  respectively.  The  yellow-red  rhodomycins 
and  rhodomycinones  can  be  distinguished  spectroscopically  from  the 
carmine-red  worhodomycins  and  uorhodomycinones.  Further 
investigation  has  revealed253  the  presence  of  other  rhodomycinones 
in  cultures  of  S.  purpurascens  and  for  convenience  individual  members 
of  the  two  series  are  distinguished  by  Greek  letters  arranged  in  alpha¬ 
betical  order  corresponding  to  the  order  of  their  Rf  values.  Thus 
a-rhodomycinone  is  the  rhodomycinone  with  the  smallest  Rf  value. 
The  Rf  values  of  the  two  sei'ies  run  practically  parallel  and  it  is  not 
possible  to  separate  corresponding  rhodomycinones  and  isorhodo- 
mycinones  by  paper  chromatography. 

Rhodomycinone  (84),  C18H1607,  dark  red  needles,  m.p.  225° 


(decomp.) 


OH 

CH2CH(OH)CH2CH3 


(84) 


The  structure  of  this  quinone  has  been  elucidated  by  Brockmann 
and  Franck253.  It  was  characterized  as  its  yellow  penta-acetate 
which  was  found  to  be  optically  active,  [a]|°  +  34-4°  (±  5°)  (metha¬ 
nol).  On  zinc-dust  distillation  it  yielded  a  very  small  quantity  ol  a 
\7pllnw  rrvstalline.  hvdrocarbon  identified  spectroscopically  as 


210 


RHODOMYCINS  AND  RHODOMYCINONES 


shown  to  be  present  by  a  Kuhn-Roth  oxidation.  Moreover  the 
ultra-violet  absorption  of  the  amorphous  hepta-acetate,  obtained  by 
reductive  acetylation,  was  that  of  an  anthracene  and  not  a  naphtha- 
cene  derivative.  As  a  tetrahydronaphthacenequinone  structure 


(85b)  is  also  ruled  out  by  the  Kuhn-Roth  determination,  /5-rhodo- 
mycinone  must  be  a  polyhydroxyanthraquinone  with  either  one  or 
two  /5-alkyl  side  chains  which  give  rise  to  a  new  benzene  ring  during 
the  zinc-dust  degradation. 

Two  pieces  of  evidence  suggest  that  one  of  the  hydroxyl  groups  is 
located  in  a  side  chain.  On  treatment  with  cold  concentrated  sul¬ 
phuric  acid,  or  by  heating  at  220°,  /?-rhodomycinone  is  converted 
into  another  compound  whose  absorption  maxima  fall  at  somewhat 
longer  wavelengths  than  the  original  compound.  When  the  natural 
pigment  is  reduced  catalytically,  one  mole  of  hydrogen  is  rapidly 
absorbed  and  a  second  is  taken  up  very  slowly;  the  quinone  obtained 
on  1  e-oxidation  is  now  stable  both  to  heat  and  sulphuric  acid 
but  has  the  same  light  absorption  as  the  original  pigment.  The 
i  espective  reactions  can  be  plausibly  interpreted  as  ( 1 )  dehydration 
of  a  hydroxylated  side  chain  with  the  introduction  of  a  double 
bond  in  conjugation  with  the  ring  system,  and  (2)  hydrogenolysis  of 
a  Sldie.‘chain  hydroxyl  group.  After  consideration  of  the  various 
possibilities  Brockmann  and  Franck  concluded  that  the  side  chain 
piesent  in  /5-rhodomycinone  had  the  structure  shown  in  (a).  This 


not  only  accounts  for  the  formation  of  naphthacene  (d)  ‘anhvdm 
rhodomycmone’  (b)  and  ‘deoxyrhodomycinone’  (c)  (the  convers  on 
cemre'and  ra  P  *  hyPothe‘ical)  but  also  provides  an  asymmetric 
acid  produced  inTh^kuh  n  “"yf0"  *»«  the  sole  volatile 
Conation  of "h* structure^vas 
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deoxyquinone  with  permanganate  in  acetone  which  yielded  a  mix¬ 
ture  of  valeric,  butyric,  propionic  and  acetic  acids,  which  were 
identified  on  a  paper  chromatogram.  Such  behaviour  appears  to  be 
general  with  acids  higher  than  propionic248.  The  side  chain  (a) 
lecalls  that  piesent  in  alkannin  (p.  Ill)  but  there  the  hydroxyl  group 
is  attached  to  the  a-carbon  atom  and  is  consequently  more  reactive. 

The  four  remaining  hydroxyl  groups  have  been  shown,  spectro¬ 
scopically,  to  occupy  nuclear  positions.  The  infra-red  spectrum 
contains  a  single  carbonyl  band  at  6-2  /u  which  shows  that  both 
carbonyl  groups  are  chelated.  This  is  confirmed  by  changes  in  the 
visible  region  on  treatment  with  boroacetic  anhydride  and  a  careful 
study  of  the  behaviour  of  /9-rhodomycinone  and  suitable  model 
compounds  with  this  reagent  revealed  the  location  of  all  four  nuclear 
hydroxyl  groups.  When  boroacetic  anhydride  is  added  to  a  solution 
of  /9-rhodomycinone  in  acetic  anhydride  the  long  wave  maximum  is 
displaced  from  531  m ju  to  601  m^a,  and  on  heating  there  is  then  a 
shift  to  a  shorter  wavelength  at  584  m/u.  The  first  displacement 
indicates  the  presence  of  at  least  two  a-hydroxyl  groups  adjacent  to 
different  carbonyl  groups  and  the  second  shows  that  additional 
hydroxyl  groups  are  acetylated  on  heating.  However,  if  the  acetic 
anhydride  solution  of  the  pigment  is  warmed  briefly  before  adding 
the  reagent,  the  long  wave  maximum  then  falls  at  592  m/u  (a  /9- 
hydroxyl  group  having  been  acetylated)  but  on  re-heating  a  hypso- 
chromic  shift  (to  581  m/u)  still  takes  place  showing  that  another 
a-hydroxyl  group  has  been  acetylated.  These  results  indicate  that 
three  a  and  one  /9-hydroxyl  groups  are  present  and  the  evidence  is 
supported  by  oxidation  of  /9-rhodomycinone  with  manganese  dioxide 
in  sulphuric  acid  which  yields  a  compound  spectroscopically  similar 
to  1:4:5: 8-tetrahydroxyanthraquinone,  i.e.  a  fourth  a-hydroxyl 
group  can  be  introduced. 

/9-Rhodomycinone  is  therefore  regarded  as  a  derivative  of  1 : 4 : 5- 
trihydroxyanthraquinone  with  another  hydroxyl  located  at  a  /?- 
position  of  which  there  are  four.  It  was  found  by  comparison  that 
in  its  absorption  spectrum  and  colour  reactions,  the  natural  quinone 


differed  significantly  from  1:3:4: 5. 
hydroxyanthraquinone,  from  which 


1 :4:5:6  and  1 :4:5: 7-tetra- 
it  was  concluded  that 
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/?-rhodomycinone  has  the  alternative  1 : 2 : 4 : 5-tetrahydroxyanthra- 
quinone  structure.  The  side  chain  must  occupy  a  /^-position  to 
account  for  the  formation  of  naphthacene,  and  from  a  consideration 
of  other  cyclization  reactions  (unpublished)  Brockmann  and  Franck 
are  of  the  opinion  that  /5-rhodomycinone  is  best  represented  by 
structure  (84). 

Rhodomycin  A,  is  a  basic,  water-soluble,  antibiotic,  glycoside  hydro¬ 
lysed  by  mild  acid  treatment  to  an  aglycone,  /?-rhodomycinone,  and 
an  aminosugar,  rhodosamine,  characterized  as  its  hydrochloride, 
m.p.  153°,  [a] j,0  +  48-2°  (water).  The  sugar  has  the  molecular 
formula  C6H1703N  and  the  structure  (86a)  was  assigned  by  Brock¬ 
mann  and  Spohler254  after  consideration  of  the  following  evidence : 


1 

CHOH 

| 

1 

CHOH 
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N 

X 
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CH-NMe,  ( 

3  CHOH  C 

CHOH 

CH-NMe2 

1 

CH 
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i 

Me 

Me 

(86a) 


(86  b) 


it  contains  one  C- Me  and  two  hydroxyl  groups  and  liberates 

methylamme  on  alkaline  hydrolysis;  there  is  no  carbonyl  group- 

Fe.W‘ngs  solution  and  gives  a  positive  iodoform  reaction 

Samine™  .TldlZed  ^  Pfnodate  under  normal  conditions.  Rhodo¬ 
samine  is  thus  very  similar  to  picrocm**  the  aminosugar  of  picro- 

S";  aU2  to”  ^  US  Stobi!kJ  '°Wards  Perioda“i  it  is  therefore 
neither  a  2-ketose  nor  a  2-hydroxyaldose  and  can  only  be  a  2 

deoxyaldopyranose.  The  structure  (86a)  is  preferred  to  tBfih\ 

view  of  the  facile  elimination  of  dime, hylamine  (8®b)  “ 

tent  of  the  glycoside  is  r  ^  TT  ,  the  q uino ne  con“ 

rhodomycinone  A  is  a  lame  mnl  CCint’  flom.whlch  u  appears  that 
three  sugar  units  &  m°leCUle  COmPrisinS  two  quinone  and 
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e-Rhodomycinone 253,  C21H20_22O8  (or  C20H18_20O8),  brown-red 

leaflets,  m.p.  185° 

The  absorption  spectrum  of  this  colouring  matter  is  very  like  that  of 
/9-rhodomycinone  and  shows  a  similar  bathochromic  displacement 
in  concentrated  sulphuric  acid.  A  Kuhn-Roth  oxidation  affords 
propionic  acid.  This  suggests  that  £-rhodomycinone  is  also  a 
1:4: 5-trihydroxyanthraquinone  with  a  hydroxybutyl  side  chain  but 
unlike  /?-rhodomycinone  it  contains  a  methoxyl  group  and  shows  a 
carbonyl  band  in  the  infra-red  spectrum  at  5-75 /u.  From  this  it 
seems  likely  that  a  methoxycarbonyl  group  is  present  and  if  so,  all 
the  oxygen  atoms  are  accounted  for  and  there  is  no  ^-hydroxyl 
group.  This  is  confirmed  by  its  behaviour  with  boroacetic  anhydride. 
e-Rhodomycinone  has  no  antibiotic  properties. 


£-iso Rhodomycinone253,  C20H18_20O9,  dark  red  leaflets,  m.p.  245° 

This  is  closely  related  to  £-rhodomycinone.  Methoxycarbonyl  and 
hydroxybutyl  groups  are  again  present  and  the  additional  oxygen 
atom  evidently  occurs  as  a  />m'-hydroxyl  group  (which  restores  the 
antibiotic  properties)  for  the  compound  forms  a  pure  blue  alkaline 
solution  and  spectroscopically  it  rese’mbles  1 :4:5:8-tetrahydroxy- 
anthraquinone. 


Catenarin  (87),  C15H10O6,  red  plates,  m.p.  246c 


I  Me 


Catenarin  is  one  of  the  anthraquinone  pigments  produced  by 
several  Helminthosporium  spp.  Originally  found  (with  helmmtho- 
sporin)  in  H.  gramineum  Rabenhorst171*  it  was  later  isolated  from 
H  tritici-vulgaris  Nisikado173,  H.  velutinum  Link*73  and  ‘Aspergillus 
amstelodami  (Mangin)  Thom  and  Church3”*’  and  has  recently  been 
detected  in  a  strain  of  Penicillium  islandicum  Sopp2jG.  It  constitutes 
more  than  15  per  cent  of  the  dry  weight  of  the  mycelium  of  H. 

catenarium  Drechsler™  from  which  it  is  conveniently  iso  ated  by 
chloroform  extraction;  the  extract  is  then  treated  with  cold  dilute 
sodium  carbonate  which  dissolves  the  catenarin  but  not  the 
helminthosporin,  also  present. 

*  In  this  paper  catenarin  was  termed  ‘ hydroxy wohelminthospor in’. 
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As  catenarin  forms  a  tetra-acetate  and  yields  2-methylanthracene 
on  zinc-dust  degradation,  it  is  obviously  a  tetrahydroxymethyl- 
anthraquinone.  In  the  initial  investigations173’258  some  difficulty 
encountered  in  methylating  the  pigment  was  misleading  but  the 
correct  orientation  of  the  hydroxyl  groups  was  subsequently  estab¬ 
lished  by  two  experiments  carried  out  by  Anslow  and  Raistrick257. 
Reduction  with  hydriodic  acid  and  red  phosphorus  eliminated  one 
of  the  hydroxyl  groups  to  give  (after  re-oxidation)  emodin,  whilst 
oxidative  degradation  of  the  tetramethyl  ether  yielded  a  mixture  of 
3 : 5-dimethoxy-  and  3 : 6-dimethoxy-4-methylphthalic  anhydrides. 
It  follows  that  catenarin  is  1 :4:6:8-tetrahydroxy-3-methylanthra- 
quinone  (87)  which  was  confirmed  by  synthesis259.  The  intermediate 
(88)  used  by  Jacobson  and  Adams185  in  their  synthesis  of  emodin, 


was  cyclized^to  the  quinone  (89)  by  heating  in  sulphuric  acid-boric 
acid  at  100°  and  the  temperature  was  then  raised  to  150-160° 
wheieupon  demethylation  and  simultaneous  replacement  of  the 

bromine  by  a  hydroxyl  group  occurred.  The  product  was  identical 
with  natural  catenarin. 


Erythroglaucin  ( catenarin-6-methyl  ether)  (90),  C..H,  n  deen  red 
plates  or  needles,  m.p.  205-206° 


0 


In  a  survey  of  the  pigments  produced  by  members  of  the  Asbereillus 

£r 
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Ei  ythroglaucin  contains  one  O-Me  and  one  C-Me  group,  and 
foims  a  triacetate  and  a  trimethyl  ether.  As  the  latter  is  identical168 
with  catenarin  tetramethyl  ether,  erythroglaucin  must  be  a  mono¬ 
methyl  ether  of  catenarin,  and,  since  it  does  not  dissolve  in  aqueous 
sodium  carbonate,  evidently  the  /3-hydroxyl  group  is  methylated. 
Erythroglaucin  has  therefore  the  structure  (90)  and  can  be  derived 
from  catenarin  by  partial  methylation  with  methyl  iodide  and  sodium 
ethoxide168. 

Tritisporin  ( co-hydroxycatenarin )  (91),  C15H10O7,  brown  needles, 

m.p.  260-262° 

0 


(91) 

In  their  survey  of  the  pigments  produced  by  Helminthosporium  spp., 
Raistrick,  Robinson  and  Todd173  isolated  from  the  mycelium  of 
H.  tritici-vulgaris  Nisikado  a  new  colouring  matter,  tritisporin,  in 
addition  to  catenarin  and  minor  amounts  of  helminthosporin. 
It  had  the  molecular  formula  C15H10O7,  formed  a  penta-acetate 
and  yielded  2-methylanthracene  when  distilled  over  zinc  dust. 
In  its  colour  reactions  and  fluorescent  properties  it  bore  a  close 
resemblance  to  catenarin  and  from  this,  and  other  considerations, 
it  was  concluded  that  four  nuclear  hydroxyl  groups  were  present  in 
the  1 :4:6:8  positions,  the  fifth  being  located  in  a  side  chain.  After  a 
lapse  of  twenty  years  this  has  now  been  established  by  a  synthesis260 
which  shows  that  tritisporin  is  co-hydroxycatenarin  (91).  The  fifth 
hydroxyl  group  was  introduced  by  side-chain  bromination  of 
catenarin  tetra-acetate  with  A-bromosuccinimide,  followed  by 
reaction  with  sodium  acetate  in  acetic  anhydride  and  final  hydrolysis 
of  the  penta-acetate. 

Cynodontin  (92),  C15H10O6,  bronze  plates,  m.p.  260° 

0 
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Cynodontin  is  a  metabolic  product  of  Helminthosporium  cynodontis 
Marignoni172,  H.  euchlaenae  Zimmermann172  and  Pyrenophora 
avenae  Ito  and  Kurib.  (=H.  avenae  Eidam.)173.  The  fungi  grow  on  a 
Czapek-Dox  solution  containing  glucose  and  the  pigment  is  readily 
isolated  from  the  dried  mycelium  by  extraction  with  chloroform 
from  which  the  sparingly  soluble  cynodontin  separates. 

Cynodontin  has  four  hydroxyl  groups,  and  its  origin  and  general 
properties  suggest  a  close  relationship  to  helminthosporin  (also 
isolated  from  H.  cynodontis)  which  has  three.  This  was  confirmed  by 
oxidation  of  helminthosporin  with  manganese  dioxide  and  sulphuric 
acid  which  afforded  a  tetrahydroxymethylanthraquinone  identical 
with  cynodontin.  The  latter  must  therefore  have  the  tetra-a-hydroxy 
structure  (92)  as  it  is  insoluble  in  aqueous  sodium  carbonate.  This 
structure  was  finally  established  by  synthesis :  Anslow  and 
Raistrick261  condensed  quinol  dimethyl  ether  with  3 : 6-dimethoxy-4- 
methylphthalic  anhydride  to  give  an  o-benzoylbenzoic  acid  which 
was  then  cyclized  and  simultaneously  demethylated  by  heating 
in  concentrated  sulphuric  acid  at  150°. 

Copareolatin  (93),  C15H10O6,  brown-red  needles  or  plates,  decomp. 


>300° 


0 


(93) 


Several  new  anthraquinones  have  come  to  light  in  recent  years 
thiough  the  investigations  of  Briggs  and  his  colleagues  on  the 
Coprosma  genus,  numerous  species  of  which  flourish  in  New  Zealand. 
Copareolatin*,  the  first  tetrahydroxyanthraquinone  to  be  found  in 
a  higher  plant,  occurs  in  the  bark  of  C.  areolata  Cheesem53.  Rubiadin- 
1 -methyl  ether  is  also  present  and  the  two  can  be  separated  by 
addition  of  calcium  hydroxide  to  an  ammoniacal  solution  of  a  crude 

acetone  extract,  when  copareolatin  precipitates  as  its  black  insoluble 
calcium  salt. 


The  pigment  was  characterized  as  a  tetrahydroxy-2-methvI- 
anthraqumone  by  zinc-dust  distillation,  the  oreoaration  nf  , 


*  It  was  first  named  areolatin. 


16 
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considerations:  (a)  the  ready  formation  of  a  dimethyl  ether 
indicated  the  presence  of  two  0-hydroxyl  groups,  (b)  the  absence  of 
fluoi  escence  in  acetic  acid  solution  made  a  quinizarin  structure 
unlikely  and  (c)  the  failure  to  oxidize  the  tetra-acetate  to  an  acid 
(CH3  >COaH)  suggested  (by  analogy  with  catenarin,  cynodontin 
and  morindone)  that  one  hydroxyl  group  occupied  an  a-position 
adjacent  to  the  methyl  group.  Taking  into  consideration  the  ultra¬ 
violet  absorption  and  the  fact  that  copareolatin  is  a  strong  mordant 
dye,  giving  colours  on  wool  indistinguishable  from  those  produced 
by  anthragallol,  the  New  Zealand  workers  proposed  structure  (93), 
although  (94)  was  not  excluded.  On  phytochemical  grounds  the 
latter  appeared  to  be  less  likely  as  no  1 : 8-dihydroxyanthraquinones 
have  been  found  in  the  Rubiaceae. 

0  0 


These  deductions  were  supported  by  a  chromic  acid  oxidation  of 
the  tetramethyl  ether  which  yielded  a  little  3-methoxy-4-methyl- 
phthalic  anhydride,  and  were  confirmed  by  synthesis.  By  condensing 
equimolecular  amounts  of  2-hydroxy-p-toluic  and  gallic  acids  in  hot 
sulphuric  acid  Briggs  and  co-workers262  obtained  a  mixture  of 
anthraquinones  from  which  a  compound,  identical  with  copareolatin 
was  isolated  by  chromatography  and  fractional  crystallization. 
It  follows  that  the  natural  quinone  is  (93)  and  not  (94).  The  isomer 
(95)  was  also  formed  in  the  condensation  reaction. 


Copareolatin  Dimethyl  Ether  (96),  C17H14Oe,  orange  plates  m.p.  271 


sMe 


The  minor  constituents  of  Coprosma  australis  include  a  dimethoxy- 
anthraquinone,  C17H14Oe,  which  was  shown  by  Briggs  d  al.li  to 
form  a  dimethyl  ether  identical  with  copareolatin  tetramethyl  ether. 
This  compound  is  isomeric  with  the  synthetic  copareolatin  dimethyl 
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ether,  mentioned  above,  which  is  regarded  as  the  6 .7-isomei .  The 
new  compound  is  soluble  in  aqueous  sodium  carbonate  (fi  ee 
^-hydroxyl  group)  and,  on  heating  with  80  per  cent  sulphuric  acid, 
one  (a)  methoxyl  group  is  hydrolysed.  According  to  these  authors 
the  behaviour  of  the  natural  product,  and  of  the  derived  monomethyl 
ether,  on  a  column  of  magnesia  indicates  the  absence  of  vicinal 
hydroxyl  groups,  which  limits  the  possible  structures  to  (96)  (a) 
or  (b). 


Pigment  of  Rhamnus  Alaternus  Linn.  (97),  C15Hl0O6,  brick-red  plates, 
m.p.  310° 


0 


Exhaustive  extraction  of  the  bark  of  Rh.  Alaternus  with  acetone  yields 
a  mixture  of  hydroxyanthraquinone  glycosides  amounting  to  22 
per  cent  of  the  dry  weight.  By  separation  of  the  aglycones  on 
magnesia  columns,  Briggs  and  co-workers263  found  that  the  principal 
pigments  were  emodin  and  a  new  tetrahydroxymethylanthraquinone 
^15^10^6’  characterized  by  the  formation  of  a  tetra-acetate  and  a 
tetramethyl  ether.  In  the  preparation  of  the  latter  by  the  methyl 
sulphate— acetone— potassium  carbonate  method,  a  dimethyl  ether, 
insoluble  in  aqueous  sodium  carbonate,  was  obtained  as  a  by-product. 
This  suggests  that  two  ^-hydroxyl  groups  are  present  and  the  other 
two  must  occupy  the  l:8(or  4:5)  positions  since  the  infra-red 
spectrum  shows  that  one  of  the  carbonyl  groups  is  free  (i.e.  not 
chelated).  There  are  four  possible  1 : 8-/5  : /5'-tetrahydroxyanthra- 
quinones  as  shown  below.  Of  these  the  anthragallol  structure  (a) 


OH  Hi 

sOH  HO, 


0  0  0  o 

,  (a)r  .  ,  (b)  (o  (d) 

“V  e  '™lnatcd  the  Rh-  Alaternus  pigment  is  not  oxidized  in 
alkaline  solution  and  gives  a  negative  Bargellini’-M  test,  and  since 
its  colour  reactions  are  quite  different  from  those  of  1 :  2 : 7  •  8-tetra- 
hydroxyanthraquinone,  structure  (c)  can  also  be  excluded  The 
mordant  dyeing  properties  and  the  fact  that  this  colouring  matter 
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is  not  eluted  from  magnesium  oxide  by  acetic  acid  point  to  the 
piesence  of  vicinal  hydroxyl  groups,  which  rules  out  formula  (d). 
Thei  e  1  emains  the  isomer  (b)  and  assuming  that  the  methyl  group 
(determined  by  Kuhn— Roth  oxidation)  occupies  a  ^-position,  as 
usual,  the  new  pigment  can  be  represented  by  either  (97)  or  (98), 
and  the  former  which  is  a  hydroxy-emodin  is  obviously  favoured  on 
phytochemical  grounds. 


0 


(98) 

Solorinic  Acid,  C21H20O7,  red-brown  plates,  m.p.  203-5° 

The  alpine  lichen  Solorina  crocea  (L.)  Ach.  is  coloured  orange-red  on 
its  underside  by  an  anthraquinone  pigment  known  as  solorinic 
acid265.  The  lichen  appears  to  have  been  used  in  Austria  for 
dyeing  purposes.  The  initial  chemical  investigations  of  Hesse266 
were  based  on  erroneous  molecular  formulae  and  our  knowledge  of 
the  structure  is  due  to  the  work  of  Roller  and  Russ267. 

Solorinic  acid  contains  a  methoxyl  group  and  three  hydroxyls  as 
shown  by  the  formation  of  a  triacetate  and  a  trimethyl  ether,  whilst 
the  seventh  oxygen  atom  (in  C21H20O7)  occurs  as  a  carbonyl  group 
characterized  as  its  oxime.  (It  was  shown  that  related  polyhydroxy- 
anthraquinones  do  not  react  with  hydroxylamine  under  the  same 
conditions).  The  carbonyl  group  is  attached  directly  to  a  ring,  since 
oxidation  with  cold  alkaline  permanganate  yielded  caproic  acid. 
This  acid  was  also  formed  when  the  quinone  was  treated  with 
hydriodic  acid  in  phenol  at  150°,  the  other  products  being  methyl 
iodide  and  an  anthrone  which  was  (a)  reduced  with  zinc  to  anthra¬ 
cene,  and  (b)  oxidized  to  another  quinone,  C14H806,  identified  as 
1  : 3 : 6 : 8-tetrahydroxyanthraquinone.  On  this  basis  Roller  and  Russ 
proposed  structure  (99)  for  solorinic  acid.  No  significant  evidence 
was  advanced  regarding  the  position  of  the  methoxyl  group  and 

0 


(99) 
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there  is  no  decisive  data  to  support  the  location  of  the  caproyl  group 
at  C-2.  Its  vicinal  position  in  a  tautomeric  resorcinol  system 
would  favour  the  elimination  of  the  side  chain  as  described  and  the 
failure  of  solorinic  acid  trimethyl  ether  to  form  an  oxime  could  be 
explained  by  steric  hindrance.  However,  similar  arguments  would 
apply  if  the  side  chain  were  placed  at  one  of  the  other  free  positions 
in  the  tetrahydroxyanthraquinone  structure.  Two  other  facts  are 
at  variance  with  the  proposed  formula.  On  distillation  with  zinc 
dust,  solorinic  acid  apparently  yielded  2-methylanthracene  and  on 
partial  oxidation  with  cold  alkaline  permanganate  a  volatile 
product,  smelling  of  acetaldehyde,  appeared  and  was  isolated  as  its 
dimedone  derivative;  this  was  a  mixture  however  and  a  homo¬ 
geneous  product  was  not  obtained.  At  present,  therefore,  structure 
(99)  must  be  regarded  as  only  partially  correct. 


Rhodocladonic  Acid,  C17H1209,  red  needles,  m.p.  >360° 

In  the  course  of  his  extensive  investigations  on  lichen  products 
Zopf268  examined  numerous  Cladonia  species,  from  nine  of  which  he 
isolated  rhodocladonic  acid  by  chloroform  extraction  of  the  red 
apothecia.  Later  workers  found  the  same  colouring  matter  in  four 
further  species,  namely,  Cl.  Jimbriata( L.)  Fr.  forma  fibula  (Ach.) 
Wainio269,  CL  macilenta  (Ehrh.)  Hoffm.2™,  CL  polydactyla  Floerke271 
and  probably  Cl.  cristatella  Tuck272. 

,T.h.e  '°7?ct  “°!ecular, formula  C,,H1209(C16H908-0Me)  was 

established  by  Roller  and  Hamburg2’3.  These  authors  prepared  a 
penta-acetate,  and  a  monoacetate  was  also  obtained  merely  bv 
recrystallizing  the  pigment  from  glacial  acetic  acid,  whence  they 

fiTJ  COnCluSi°n, that  four  nuclear  hydroxyl  groups  were  present, 
a  fifth  being  in  a  side  chain  (-CH2OH).  As  the  name  implies,  the 

pigment  is  distinctly  acidic  and  dissolves  in  aqueous  sodium  bi¬ 
carbonate  but,  as  the  penta-acetate  is  neutral  the  acidity  cannot  be 
ue  to  a  carboxyl  group.  Evidence  for  the  presence  of  an  ester  group 
was  obtained  by  Shibata2”:  methylation  with  methyl  JE 
m  aqueous  sodium  hydroxide  gave  an  intermediate  product 

:r  *  KteSfciir  r; 
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Six  substituents  have  therefore  to  be  orientated :  (OH)4,  CH2OH, 
and  C02Me.  As  virtually  all  known  anthraquinones  obtained  from 
lichens  or  fungi  have  hydroxyl  groups  in  the  1 :  8  positions,  it  may 
reasonably  be  assumed  in  this  case  also,  and  the  location  of  the 
other  two  phenolic  groups  was  inferred  from  the  similarity  of  the 
ultra-violet  spectra  and  magnesium  acetate  colorations  of  rhodo- 
cladonic  acid  and  1 :3:6:8-tetrahydroxyanthraquinone.  This  latter 
quinone  is  also  soluble  in  aqueous  sodium  bicarbonate.  Assuming 
that  the  side  chains  occupy  the  normal  /^-positions  Shibata271 
suggests  that  structure  (100)  is  the  most  likely  for  rhodocladonic 
acid. 
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Related  polysubstituted  anthraquinones  are  produced  by  four 
genera  of  the  insect  family  Coccidae.  The  best  known  is  carminic 
acid,  the  colouring  principle  of  cochineal,  obtained  from  Dactylopius 
coccus  Costa.  The  same,  or  a  similar  pigment,  is  produced  by 
D.  confusus  Cockerell,  D.  tomentosus  Lamarck  and  D.  indicus  Green 
which  have  been  used  in  South  America  for  dyeing  purposes.  The 
colouring  matters  from  Kermococcus  (kermesic  acid)  and  Laccifer 
(laccaic  acid)  species  have  also  been  examined  but  nothing  is  known 
of  the  pigments  of  the  European  genus  Porphyrophora.  The  insect 
P.  polonicus  Linn,  (formerly  Coccus  polonicus)  was  used  as  a  dyestuff 
before  the  advent  of  cochineal  and  gained  the  name  ‘cochineal  of 
the  north’275. 

Carminic  Acid  (101),  C22H20O13,  red  prisms,  no  imp.,  [oc]J55  +  51-6° 
(water) 


(101) 

Cochineal  consists  of  the  dried  bodies  of  D.  coccus  found  on  various 
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Cactacea,  especially  Nopalea  coccinellifer a  S.-Dyke  which  was  extensively 
cultivated  in  Mexico  for  the  sake  of  the  dye.  The  female  insects 
were  collected,  heat-killed,  and  ground  to  a  powder  which  contained 
about  10  per  cent  of  the  colouring  principle,  carminic  acid.  It  was 
known  in  the  Americas  for  many  centuries  before  it  was  introduced 
to  Europe,  and  there  is  evidence147  that  cochineal  dyeing  was 
practised  in  Peru  during  the  Inca  period.  After  1830  the  cultivation 
of  cochineal  spread  to  Spain,  Algeria,  the  Canary  Islands,  and,  more 
successfully,  to  Java,  but  with  the  arrival  of  synthetic  dyes  its 
importance  rapidly  declined.  It  dyes  wool  and  silk  a  magnificent 
scarlet  on  a  tin  mordant  and  was  especially  favoured  for  ceremonial 
uniforms;  in  this  connection  it  is  still  specified  for  the  Brigade  of 
Guards.  Minor  uses  include  the  colouring  of  food,  cosmetics  and 
water  colours,  and  for  staining  biological  tissues.  It  can  be  employed 
as  an  indicator  in  the  titration  of  ammonia290,  sodium  hypochlo¬ 
rite291  and  silver  ions292. 


Carminic  acid,  which  is  readily  extracted  from  cochineal  with 
water,  has  been  known  since  1818276  although  a  crystalline  specimen 
was  not  obtained  until  much  later277.  It  was  the  subject  of  numerous 
researches  in  the  nineteenth  century  but  the  most  important  work  is 
that  of  Dimroth  and  his  collaborators  in  the  period  1901-1920. 
The  substance  is  readily  oxidized  and  much  information  was 
obtained  by  oxidative  degradation ;  this  was  somewhat  misleading 
however  as  the  products  were  derivatives  of  benzene  or  naphthalene 
and  carminic  acid  was  not  recognized  as  an  anthraquinone  deri¬ 
vative  prior  to  Dimroth’s  investigations.  Moreover,  the  first 
degradations  were  effected  with  nitric  acid  or  bromine  which  led 
to  the  formation  of  nitro  or  brominated  products  in  which  substi¬ 
tuents  originally  present  had  been  displaced. 

By  treatment  of  carminic  acid  with  potassium  persulphate 
Liebermann  and  Voswinkel281  isolated  a  tribasic  acid  C  H  O 
and  a  dibasic  acid,  C9H8Os.  The  latter,  a-coccinic  acid’,  proved  to 
be  identical  with  m-hydroxyuvitic  acid  (106)  and  since  the  former 
cochemlhc  acid,  could  be  degraded  to  either  (106),  (107)  or  ('108'! 

0057  andTofif  C°nditi°nS’  h  must  have  structure  (105).  Both 
(105)  and  (106)  were  synthesized  later  by  Meldrum  et  al 282 

recursors  of  these  two  acids  were  isolated  by  Dimroth-  cautious 
oxidation  with  acid  permanganate278  at  0°  afforded  a  red  quinone 

WHilSt  °n  t;Catment  With  cold  Saline  hydrogen 

Si  formeH°W  ”*?"**!«*  (>02;  R  =  C02H)  was  obtained 
nch  also  formed  carminazarm  when  oxidized  further  with  acid 

permanganate.  The  structure  of  carminazarin  is  no,  * doubt 
“  f°rmed  a  deeP  blue  -  alkali  (typical  of  uonaphAazadns) 
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rapidly  decolourized  on  aeration  as  the  quinone  passed  into  the 
keto-acid  (104)  (or  the  obvious  isomer)  which  in  turn  was  converted 
into  cochenillic  acid  (105)  in  hot  sulphuric  acid.  Ring  A  is  therefore 


settled  and  the  structure  of  the  other  ring  was  confirmed  by  oxi¬ 
dizing  carminazarin  with  nitric  acid  to  the  almost  colourless 
tetraketone  (109)  which  formed  a  diphenazine  derivative.  Subse¬ 
quently  Dimroth  and  others  showed  that  other  polyhydroxyanthra- 
quinones  could  be  degraded  to  naphthaquinone  derivatives 
(see  p.  185). 

The  dibasic  acid  (102;  R=C02H)  readily  loses  carbon  dioxide 
on  warming  in  aqueous  solution  and  the  product  was  regarded  as 
(102;  R  =  H)  rather  than  the  3-hydroxy  isomer,  on  the  basis  of 
comparative  colour  reactions  with  2:6-  and  2 : 7-dihydroxy- 1 :  4- 
naphthaquinone279.  Bromination  of  (102;  R  =  H)  in  glacial  acetic 
acid  gave  a  monobromo  derivative;  this  on  further  treatment  with 
excess  bromine  in  methanol  afforded  an  orange  tribromo  derivative, 
0- bromocarmine,  CnH604Br3,  whilst  heating  with  bromine  water 
led  to  the  formation  of  colourless  a-bromocarmine,  C10H4O3Bi4. 
These  two  compounds  had  been  obtained  previously  by  Will  and 


(110)  (W) 


Me 

02Nff]N02 

HO^COzH 

NO  2 


(1125  013)  014) 
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Leymann283  by  digesting  carminic  acid  with  an  excess  of  bromine  in 
boiling  aqueous  acetic  acid.  /5-Bromocarmine  was  recognized  by 
Rohde  et  al.28i  as  a  tribromodihydroxymethylnaphthaquinone  and 
it  follows  from  Dimroth’s  procedure  that  it  has  the  structure  (110). 
It  closely  resembled  3:5:7-tribromo-2:6-dihydroxy-l :  4-naphtha- 
quinone  obtained  by  a  similar  two-stage  bromination  of  2 : 6-dihy- 
droxynaphthaquinone285.  The  action  of  bromine  in  aqueous  acetic 
acid  transforms  /5-bromocarmine  into  a-bromocarmine  (111)  by 
a  /5-diketone  fission  followed  by  recyclization,  further  bromination 
and  the  elimination  of  carbon  dioxide.  The  structure  (111)  is 
established  by  oxidation  to  the  phthalic  acid  (112)  with  alkaline 
permanganate283  and  the  formation  of  (112)  together  with  bromo- 
form  on  heating  in  aqueous  sodium  hydroxide284.  The  latter  reaction 
is  a  combined  /5-diketone  hydrolysis  and  haloform  reaction.  These 
degradations,  together  with  the  formation  of  nitrococcussic  acid 
(113)  on  boiling  carminic  acid  in  nitric  acid,  confirm  that  one 
ring  of  carminic  acid  has  the  structure  (114). 

In  1867,  Hlasiwetz  and  Grabowski287  showed  that  fusion  of 
carminic  acid  with  potassium  hydroxide  gave  a  straw-coloured 
substance,  coccinin,  G17H14Oe,  which  formed  a  yellow  solution  in 
alkalis  passing  through  green  to  purple  on  aerial  oxidation.  Acidifi¬ 
cation  of  the  purple  solution  afforded  a  dark  brown  compound 
coccinone,  C17H1207,  which,  as  Dimroth279  found,  could  be  con¬ 
verted  back  into  coccinin  by  reduction  with  zinc  and  ammonia.  The 
pioperties  and  absorption  spectra  of  coccinone  showed  it  to  be  an 
anthraqumone;  its  behaviour  towards  boroacetic  anhydride 
indicated  the  presence  of  a  ^n'-hydroxyl  group,  and  since  it  was 

CgnT^d  b  j  alkalme  Peroxide  to  cochenillic  acid  it  was  formulated 
as  (J15)  and  coccinin  as  the  anthrone  (116)  (or  the  C10  isomer). 


a^SraTetat’e^f"0116  f°'mS  “  Whereas  «cdnin  forms 

Other  anthraquinones  prepared  from  the  natural 
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material  were  a  trihydroxymethyl  derivative*  obtained  by  heating 
carminic  acid  in  aqueous  sulphuric  acid  and  subsequent  decarboxy¬ 
lation,  and  a  trihydroxydimethyl  derivative  formed  by  decarboxy¬ 
lation  of  coccinone. 

Meanwhile  Dimroth  and  Fick298  had  shown  that  the  closely 
related  colouring  matter,  kermesic  acid  (see  below)  was  a  derivative 
of  hydroxyanthrapurpurin  (1 :3:4:6-tetrahydroxyanthraquinone) 
and  from  the  similarity  of  the  spectra  and  dyeing  properties  of  the 
two  insect  pigments  it  was  concluded280  that  carminic  acid  possessed 
the  same  hydroxyl  orientation,  as  shown  in  (117).  Reduction  of 
carminic  acid  with  zinc  and  acetic  acid  eliminates  the  /5-hydroxyl 
group  and  reoxidation  in  alkaline  solution  then  gives  deoxycarminic 
acid  (118)  which  was  purified  via  its  hepta-acetate;  the  /5-hydroxyl 
group  can  be  re-introduced  by  oxidizing  (118)  with  lead  tetra¬ 
acetate  to  the  diquinone  (119)  followed  by  Thiele  acetylation  and 
final  hydrolysis.  Parallel  reactions  are  shown  by  purpurin  and 
anthrapurpurin  and  they  prove  that  hydroxyl  groups  are  present 
0  0  0  0 


in  the  1:4  positions.  This  is  also  shown  by  acetylation  experiments: 
in  the  absence  of  a  catalyst  carminic  acid  yields  a  hexa-acetate 
(the  hydrogen-bonded  hydroxyl  groups  do  not  react)  but  catalysed 
acetylation  gives  an  octa-acetate. 

The  structure  of  the  group  R  (in  117)  is  not  yet  settled.  This 
side  chain  is  eliminated  together  with  a  nuclear  hydroxyl  group  on 
heating  carminic  acid  with  aqueous  sulphuric  acid,  it  appeals  as  a 
methyl  group  in  coccinin  and  is  presumably  involved  in  the  foimation 
of  anhydrocarminic  acid  when  carminic  acid  is  treated  with 
thionyl  chloride294.  It  must  contain  four  hydroxyl  groups,  the  fifth 
oxygen  being  present  in  an  ether  linkage  or  carbonyl  function,  and 
at  least  one  asymmetric  centre  since  carminic  acid  is  optically  active. 
However,  carminic  acid  is  not  a  glycoside  as  the  group  is  resistant 
to  hydrolysis  under  normal  conditions.  On  the  basis  of  the  pre¬ 
viously  accepted  molecular  formula,  C22H22013293,  R  would  be 
CbH.oOr  which  is  not  in  accord  with  its  known  properties.  Dimrot  i 
and  Kammerer  therefore  modified  this  to  C6Hn05  making  the 

*  Presumably  1 : 4: 6-trihydroxy-8-methylanthraquinone,  also  derived  from 

kermesic  acid  ( see  p.  229). 
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molecular  formula  for  carminic  acid  C22H20Ol3  which  agrees 
equally  well  with  the  recorded  analyses.  The  only  investigation  of 
this  side  chain  is  that  of  Miyagawa289  who  ozonized  carminic  acid 
in  aqueous  solution  and  oxidized  the  product  to  an  optically  active 
acid,  C6H1206,  which  was  then  reduced  with  sodium  amalgam  to 
an  amorphous  sugar,  C6H12Os.  As  this  was  different  from  any 
known  methylpentose  he  suggested  that  the  side  chain  had  the 
structure  CH3(CHOH)4CO —  but  this  is  inconclusive.  The  nature 
of  this  carbohydrate  fragment  is  reminiscent  of  the  C6Hn05  residue 
in  barbaloin  and  further  investigation  along  similar  lines  may 
solve  this  final  problem. 

hermesic  Acid  (120),  C18H1209,  red  needles,  decomp.  c.  250° 

0 


0 


(120) 


Keimes  is  a  dyestuff  of  very  great  antiquity  and  is  probably  the 
earliest  of  which  we  have  records.  It  appears  to  have  been  used  by 
the  Phoenicians  and  is  mentioned  in  the  Scriptures.  Indeed  the 
Hebrew  words  translated  as  scarlet  in  the  Old  Testament  probably 
signified  a  red  colour  dyed  with  kermes273,  and  according  to  Ban¬ 
croft273  the  terms  vermilion  and  crimson  also  originate  from  words 
describing  this  colouring  matter.  The  pigment  was  obtained  from 
the  insect  Kermococcus  ilicis  Linn,  found  on  the  kermes-nat 


227 


ANTHRAQUINONES 

and  on  zinc-dust  distillation  affords  1-methylanthracene.  A  car¬ 
boxyl  group  is  also  present,  as  the  pigment  is  soluble  in  aqueous 
sodium  bicarbonate  and  on  heating  in  water  at  150°  it  loses  carbon 
dioxide  to  form  decarboxykermesic  acid,  C17H1207,  which  is  no 
longer  soluble  in  aqueous  bicarbonate.  Of  these  six  substituents  [Me, 
(OH)4,  C02H]  three  were  found  to  have  the  same  orientation  as  in 
carminic  acid  by  oxidative  degradation:  on  warming  with  concen¬ 
trated  nitric  acid  nitrococcussic  acid  was  formed  whilst  an  alkaline 
permanganate  oxidation  of  kermesic  acid  methyl  ester  dimethyl 
ether  yielded  methyl  cochinellate  methyl  ether  (121b)  and  the  inter¬ 
mediate  keto-acid  (121a),  converted  by  further  oxidation  into  (121b). 
The  isolation  of  these  products  settles  the  structure  of  ring  A.  The 


MeO 


Me 


OC02H 

co2h 

C02Me 


(121a)  (121b) 

trimethylated  pigment  referred  to  was  prepared  by  treating  kermesic 
acid  with  alcoholic  potassium  hydroxide  to  give  a  potassium  salt 
which  was  then  heated  with  methyl  sulphate  in  boiling  toluene. 
Presumably  two  /3-hydroxyl  groups  were  methylated  in  addition  to 
the  carboxyl  group. 

Brief  treatment  of  kermesic  acid  with  a  large  excess  of  bromine  in 
boiling  glacial  acetic  acid  yields  monobromococcin,  C16H9OsBr. 
Like  the  natural  pigment  this  compound  forms  a  tetra-acetate  and  is 
degraded  to  cochenillic  acid  on  oxidation  with  hydrogen  peroxide 
in  the  presence  of  a  manganous  salt.  It  follows  that  ring  A  is 
unchanged  in  monobromococcin  so  that  ring  B  contains  the  bromine 
atom  and  three  hydroxyl  groups,  and  since  it  resembles  purpurin 
rather  than  anthragallol  in  its  dyeing  properties  structures  (122)  or 
(123)  (R  =  Br)  are  favoured.  In  the  conversion  of  kermesic  acid  into 


(122)  (123)  <124>  (125) 

monobromococcin  a  group  C2HaO  is  displaced  by  bromine;  this 
residue  can  only  be  -COCH3  or  _CH2CHO  and  since  no  aldehyde 
properties  could  be  detected  Dimroth  and  Scheurer^  regarded 
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kermesic  acid  as  (122)  or  (123)  (R=COCH3).  A  decision  between 
these  two  possibilities  was  made  by  comparison  with  hydroxy- 
anthrapurpurin  (124)  and  hydroxyflavopurpurin  (125).  These 
two  quinones  can  be  distinguished  by  their  dyeing  properties  and 
absorption  spectra  in  the  visible  region,  and  in  both  respects  decar- 
boxykermesic  acid  resembles  (124).  Dimroth  and  Fick298  noted  also 
that  the  absorption  spectra  of  kermesic  acid,  decarboxykermesic 
acid,  carminic  acid  and  hydroxyanthrapurpurin,  in  alkali  and  in 
concentrated  sulphuric  acid  solution  showed  a  close  similarity  which 
confirmed  their  opinion  that  kermesic  acid  was  (122;  R  =  COCH3)  = 
(120),  closely  related  to  carminic  acid  and  in  fact  differing  only  in 
the  nature  of  the  substituent  at  C-2.  They  also  pointed  out  that 
kermesic  acid  and  hydroxyanthrapurpurin  (but  not  hydroxyflavo¬ 
purpurin)  formed  very  similar  tribromo  derivatives  under  the  same 
conditions,  and  Birch  and  Donovan299  have  recently  shown  that 
structure  (120)  is  favoured  by  the  acetate  hypothesis.  Another 
transformation  which  establishes  part  of  the  structure  was  discovered 
by  reducing  kermesic  acid  with  zinc  and  acetic  acid  and  then  heating 
the  pioduct  in  concentrated  sulphuric  acid  until  gas  evolution 
ceased.  This  yielded  1 :4:6-trihydroxy-8-methylanthraquinone  (126) 
the  structuie  of  which  was  proved  by  synthesis,  (a)  by  condensing 
0-coccinic  anhydride  with  quinol  diacetate,  and  (b)  by  a  zinc- 
acetic  acid  reduction  of  the  tetrahydroxymethylanthraquinone 
obtained  from  ^-coccinic  anhydride  and  1 :  2 : 4-triacetoxybenzene. 
lhe  formation  of  (126)  from  kermesic  acid  involves  the  loss  of  the 


0 


0 


in  ring  B,  the  acetyl 
liketone  fission  of  an 


Laccmc  Acid,  C20H14O10,  dark  red  rhombs,  decomp.  c.  180° 
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Evaporation  of  an  extract  obtained  by  treating  the  crude  product, 
stick  lac,  with  hot  dilute  sodium  carbonate  gives  lac-dye*  which 
contains  an  appreciable  amount  of  the  pigment,  laccaic  acid.  This 
material  dyes  wool  a  line  scarlet  on  a  tin  mordant,  practically  identi¬ 
cal  with  cochineal,  and  was  used  for  centuries  in  Eastern  countries 
before  it  was  known  in  Europe.  It  was  of  considerable  commercial 
importance  in  this  country  in  the  early  nineteenth  century,  so  much 
so  that  the  lac  resin  was  virtually  a  by-product,  but  with  the  advent 
of  synthetic  dyes  this  situation  was  reversed  and  the  Indian  lac 
industry  was  devoted  exclusively  to  the  manufacture  of  shellac  and 
other  materials  from  the  resin288. 

The  chemistry  of  laccaic  acid  has  been  little  explored.  It  was 
first  isolated  by  Schmidt300  and  was  subsequently  studied  by  Dim- 
roth  and  Goldschmidt301  in  conjunction  with  the  other  insect  pig¬ 
ments  but  unfortunately  the  work  was  interrupted  before  they  could 
complete  their  investigations.  Laccaic  acid  is  water-soluble,  it 
appears  to  form  a  triacetate  soluble  in  aqueous  sodium  bicarbonate, 
and  contains  five  acidic  groups.  Spectroscopically  it  cannot  be  dis¬ 
tinguished  from  carminic  acid  in  alkaline  solution  but  the  two 
pigments  exhibit  different  absorption  spectra  in  sulphuric  acid  solu¬ 
tion.  Other  similarities  are  found  in  the  oxidative  degradation 
products:  thus  oxidation  by  alkaline  hydrogen  peroxide  (catalysed 
by  a  manganous  salt)  affords  the  yellow  calaic  acid,  C18H14011, 
which  contains  three  carboxyl  groups  and  is  probably  a  naphtha- 
quinone  derivative,  and  this,  when  treated  with  bromine  in  cold 
acetic  acid  yields,  besides  a  colourless  product,  another  yellow  acid, 
C12H508Br.  The  latter,  by  analogy  with  j8-bromocarmine,  was 
termed  /Lbromolaccain  and  was  formulated  as  (128)  in  view  of  its 
colour  reactions,  four  acidic  hydrogen  atoms  and  the  formation  of  a 
diacetate-anhydride  by  reaction  with  acetic  anhydride  containing 
sulphuric  acid.  On  further  treatment  with  bromine  in  boiling 
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(128)  029)  030) 

aqueous  solution  it  yields  oc-bromolaccain  (129)  which  is  further 
degraded  by  sodium  hypobromite  to  the  phenolic  acid  (130)  and 

ft 

earthenware  vessels  containing  water  . 
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bromoform.  Oxidation  of  ^-bromolaccain  with  hydrogen  peroxide 
in  acetic  acid  leads  to  the  keto-acid  (131)  or  (132),  converted  on 
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(131)  (132)  (133) 

warming  in  sulphuric  acid  into  the  tetracarboxylic  acid  (133).  On 
the  other  hand  Schmidt  showed  that  laccaic  acid  differs  from  carmi- 
nic  acid  in  forming  picric  acid  rather  than  nitrococcussic  acid,  when 
oxidized  with  nitric  acid,  and  on  fusion  with  potassium  hydroxide 
it  is  degraded  into  a  number  of  fragments  smaller  than  coccinin. 
However,  these  results  are  in  harmony  with  those  of  Dimroth  and 
Goldschmidt  which  indicate  that  laccaic  acid  is  very  probably  the 
anthraquinone*  (134a),  where  the  constitution  of  ring  A  is  settled 


(a)  (134)  (b) 

but  theie  is  little  definite  information  concerning  ring  B.  Coffey225 
suggests  (134b)  as  a  possible  structure. 

Tschirch  and  Liidy302  have  isolated  a  second  pigment,  erythro- 
laccin,  from  stick-lac.  This  is  a  yellow  compound,  C15H10Ofi,  which 
forms  a  tetra-acetate  and  may  be  a  tetrahydroxymethylanthra- 


Asperthecin  (135);  C16H10O8,  chestnut-brown  needles,  no  m.p 


(a) 

*  Tschirch  and  Liidy302 
distillation. 
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obtained  an  anthracene-like 
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by  zinc-dust 
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In  a  lecent  survey  of  a  number  of  Aspergillus  nidulans  spp.  Howard 
and  Raistrick303  encountered  a  new  quinone,  asperthecin,  which 
seems  to  be  a  characteristic  metabolite  of  this  group  of  moulds.  The 
pigment  was  obtained  from  A.  quadrilineatus  Thom  and  Raper;  after 
prolonged  incubation  on  Raulin— Thom  solution  it  is  found  in  the 
mycelium,  partly  as  a  salt,  and  can  be  isolated,  after  acidification, 
by  extraction  with  cold  alcohol  and  purified  via  the  acetyl  deriva¬ 
tive. 

Asperthecin  is  rather  insoluble  in  organic  solvents  but  dissolves  in 
alkaline  solutions,  including  aqueous  bicarbonate.  It  has  the  mole¬ 
cular  formula,  C15H10O8,  yields  2-methylanthracene  when  distilled 
over  zinc  dust  and  forms  a  hexa-acetate.  As  this  derivative  is 
insoluble  in  aqueous  sodium  carbonate  a  carboxyl  group  is  not 
present  but  there  must  be  six  hydroxyl  groups  in  the  molecule.  On 
the  other  hand,  prolonged  treatment  with  methyl  sulphate 
and  potassium  carbonate  in  acetone,  or  with  diazomethane  in 
methanol328,  yields  an  orange,  alkali-insoluble,  pentamethyl  ether. 
One  of  the  hydroxyl  groups  is  therefore  alcoholic  and  a  negative 
Kuhn-Roth  determination  confirms  the  existence  of  a  — CH2OH 
group.  Reduction  with  hydriodic  acid  and  red  phosphorus  gives 
emodin  (after  re-oxidation)  which  fixes  the  position  of  three  more 


0 


0 
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hydroxyl  groups  leading  to  the  partial  formula  (136),  and  as  per¬ 
manganate  oxidation  of  asperthecin  pentamethyl  ether  affords 
5-carboxy-3 : 4-dimethoxyphthalic  anhydride  a  fifth  hydroxyl  group 
must  be  located  at  C-2328. 

The  position  of  the  remaining  hydroxyl  group  is  still  uncertain. 
Quinizarin  and  other  1 : 4-dihydroxyanthraquinones  normally  form 
fluorescent  solutions,  especially  in  glacial  acetic  acid.  This  is  not 
the  case  with  asperthecin  and  on  this  basis  it  is  not  a  substi¬ 
tuted  quinizarin  and  (135a)  is  the  only  possible  stiuctuie.  The 
quinone  is  remarkably  unstable  in  strong  alkali,  its  purple  solution 
in  aqueous  sodium  hydroxide  fading  to  pale  orange  in  a  few  seconds 
when  exposed  to  air;  anthragallol,and  more  especially  rufigallic  acid 
( 1 : 2 : 3 : 5 : 6 : 7-hexahydroxyanthraquinone)  behave  in  this  way  which 
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is  characteristic  of  pyrogallol  derivatives.  The  presence  of  tlnee 
vicinal  hydroxyl  groups,  as  in  (135a),  is  therefore  most  probable. 
Polyhydroxyanthraquinones  are  not  as  a  rule  sufficiently  acidic  to 
dissolve  in  aqueous  sodium  bicarbonate  but  may  do  so  provided  at 
least  two  of  the  hydroxyl  groups  occupy  /5-positions;  this  is  only 
known  in  a  few  cases  (e.g.  rhodocladonic  acid)  and  the  exact  struc¬ 
tural  requirements  are  not  clear  but  if  asperthecin  is  correctly 
represented  by  (135a),  which  has  three  /5-hydroxyl  groups,  its  bicar¬ 
bonate  solubility  is  not  unexpected.  Brief  treatment  of  asperthecin 
with  diazomethane  gave  only  a  di-  and  not  a  trimethyl  ether. 
This  may  be  due  to  the  insolubility  of  the  dimethyl  ether  but  as  it 
is  soluble  in  aqueous  sodium  carbonate  this  again  implies  the 
presence  of  three  /5-hydroxyl  groups  as  in  structure  (135a). 
On  the  other  hand  spectroscopic  comparison  with  related  poly¬ 
hydroxyanthraquinones  indicates  that  three  a-hydroxyl  groups  are 
present.  Two  peaks  in  the  ultra-violet  region,  at  484  and  510  m/*, 
and  a  strong  carbonyl  band  in  the  infra-red  at  1606  cm-1  suggest  a 
close  relationship  to  islandicin,  helminthosporin  and  catenarin, 
which  points  to  the  alternative  structure  (135b).  Whilst  this 
structure  is  not  in  complete  accord  with  all  the  chemical  properties 
it  cannot  be  entirely  excluded  at  present. 

A  closely  related  pigment,  possibly  a  reduced  or  tautomeric  form 
of  asperthecin  was  observed  by  Howard  and  Raistrick303  in  a  second 
strain  of  A.  quadrilineatus.  All  attempts  to  isolate  this  material  in  a 
pure  state  were  unsuccessful  owing  to  its  ready  conversion  to 
aspeithecin;  acetylation  of  the  crude  product  gave  asperthecin 
hexa-acetate. 


Dermocybin,  C16H1207,  red  needles,  m.p.  228-229° 

The  pigments  of  the  toadstool  Cortinarius  sanguineus  (Wulf.)  Fries 
(formerly  Dermocybe  sanguined  Wulf.)  (the  blood-red  ‘Hautkopf’)  were 
examined  thirty  years  ago  by  Kogl  and  Postowsky178  but  insufficient 
material  was  available  for  a  full  investigation.  After  extraction  with 
alcohol  and  partial  purification,  addition  of  water  to  a  solution  of  the 
co  ouring  matters  in  pyridine,  precipitated  a  yellow  pigment  which 
was  identified  as  emodin.  This  constituted  3  per  cent  of  the  dry 
weight  of  the  fungus.  From  the  residual  aqueous  pyridine  solution 

Vieira  nq4Um°ne’  dT'S“n’  CisHiA,  was  obtained  in  low 
>  d  (0  2  0-4  per  cent).  This  product,  which  contains  a  meth- 

and  ffiOUPH  V  u  2-methylanthracene  on  zinc-dust  distillation 
and  formed  a  yellow  tetra-acetate;  demethylation,  effected  bV 

nef  treatment  with  concentrated  sulphuric  acid  at  150°  gave 
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a  pentahydroxymethylanthraquinone.  The  orientation  of  the 
hydroxyl  groups  is  not  known. 

According  to  Kogl  a  similar  pigment  occurs  in  Cortinarius 
cinnabarinus  Fries. 

Dermocybin  and  asperthecin  are  the  only  natural  nuclear 
pentahydroxy(methoxy)anthraquinones  known. 

Phomazarin,  C19H1708N,  orange  needles,  m.p.  197°  (decomp.) 

This  unique  aza-anthraquinone  is  a  metabolic  product  of  Phoma 
terrestris  Hansen,  the  fungus  responsible  for  the  ‘pinkroot  disease’  of 
onions.  When  grown  on  a  Czapek-Dox  medium  containing  starch 
the  underside  of  the  mycelium  becomes  dark  violet  owing  to  the 
presence  of  the  sodium  or  potassium  salt  of  the  pigment.  The 
colouring  matter  was  isolated  and  studied  by  Kogl  and  his  co¬ 
workers304-6. 

Phomazarin  contains  a  methoxyl  group  and  forms  a  triacetate, 
a  methyl  ester  and  a  methyl  ester-trimethyl  ether  and  -triacetate. 
When  heated  in  a  vacuum  it  loses  carbon  dioxide  and  a  dark  red 
compound,  decarboxyphomazarin,  C18H17OeN,  sublimes.  Thus  six 
of  the  oxygen  atoms  are  accounted  for  as  (OH)3,  OMe  and  COaH. 
Quinonoid  properties  were  indicated  by  the  colour  and  the  ability  of 
the  compound  to  undergo  reversible  reduction  (catalytic  hydro¬ 
genation  showed  that  one  mole  of  hydrogen  was  taken  up)  but 
neither  the  leuco  compound  nor  its  acetyl  derivative  could  be  isolated 
in  a  crystalline  state.  Two  of  the  hydroxyl  groups  appeared  to  be 
located  peri  to  the  quinone  carbonyl  groups  as  the  substance  gave 
positive  reactions  with  boroacetic  anhydride:  addition  of  one  mole 
of  the  reagent  gave  a  deep  red  colour  whilst  two  moles  produced  a 
deep  violet.  Phomazarin  is  rather  easily  attacked  by  oxidizing  agents 
and  Kogl  and  Sparenberg304  found  some  difficulty  in  isolating 
crystalline  products.  Using  hydrogen  peroxide  in  sulphuric  acid 
they  obtained  two  volatile  substances  which  were  identified  as  n- 
butyric  and  ^-valeric  acids.  This  indicates  the  presence  of  a  n-butyl 
side  chain  for  both  acids  must  be  derived  from  the  same  alkyl  group, 
as  propyl  and  butyl  residues  together  contain  sixteen  hydrogen  atoms 
and  phomazarin  itself  only  seventeen. 

The  nitrogen  function  was  assessed  indirectly;  its  basic  chaiacter 
was  judged  from  the  fact  that  triacetylphomazarin  methyl  ester 
could  be  extracted  from  ether  with  moderately  concentrated  hydro- 
chloric  acid  (this  showed  also  that  no  JV-acetylation  had  occuned) 
and  as  other  tests  for  primary  and  secondary  amino  groups  were 
negative  and  no  A-alkyl  substituent  could  be  detected,  it  was  con¬ 
cluded  that  the  nitrogen  atom  was  probably  present  in  an  aromatic 
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ring  system.  If  allowance  is  now  made  for  the  known  substituents 
and  functional  groups  it  can  be  deduced  from  the  molecular  formula 
that  the  parent  heterocyclic  system  is  C13H9N  which  indicates  a 
degree  of  unsaturation  corresponding  to  three  fused  benzene  rings. 
Thus  the  preliminary  data  imply  that  phomazarin  is  a  quinone  of 
the  aza-anthracene  or  aza-phenanthrene  series  carrying  six  substi¬ 
tuents,  Bu,  C02H,  OMe  and  (OH)3.  Further  degradative  work305 
substantiated  these  inferences  and  limited  the  large  number  of 
possible  isomers  to  two. 

Oxidation  of  phomazarin  triacetate  with  chromic  acid  afforded  a 
mixture  of  substances  and  one  fraction,  soluble  in  aqueous  sodium 
bicarbonate,  was  obtained  as  an  oil  which  gave  an  intense  violet 
colour  with  ferric  chloride.  Analysis  showed  the  presence  of  one 
methoxyl  group  and  a  second  was  introduced  by  methylation  with 
methyl  iodide-silver  oxide,  followed  by  hydrolysis  to  remove  methyl 
ester  groups.  This  crystalline  product,  C12H1204(0Me)2,  was 
shown  to  be  a  dibasic  acid  which  was  partly  converted  into  an 
anhydride  on  sublimation.  From  the  high  hydrogen  content  of  this 
material  Kogl  and  Quackenbush305  deduced  that  it  contained  the 
butyl  group  and  the  degradation  product  was  formulated  as  (137) 
or  (138),  placing  the  hydroxyl  group  ortho  to  a  carboxyl  group  in 
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view  of  its  feiric  reaction,  and  the  methoxyl  group  meta  to  the 
hydroxyl  to  account  for  the  stability  of  the  compound  to  oxidation. 
Structure  (137)  proved  to  be  correct.  Decarboxylation  of  the 
dibasic  acid,  effected  by  microdistillation  of  the  calcium  salt  with 

Si  a  ^!Xty  times)>  afiEorded  two  products  identified  by  syn¬ 
thesis  as  the  acid  (139)  and  the  phenol  (140).  This  establishes 
that  one  terminal  ring  of  phomazarin  has  the  structure  (141).  A 
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second  product,  C14H1304*0Me,  formed  in  the  chromic  acid 
degi  adation  of  triacetylphomazarin,  was  isolated  from  a  portion 
soluble  in  aqueous  sodium  carbonate  as  orange-yellow  needles. 
From  its  colour,  analysis  and  acidity,  it  was  regarded  as  a  hydroxy- 
naphthaquinone  (e.g.  142)  intermediate  in  the  degradation  of 
phomazarin  to  the  phthalic  acid  (137).  It  now  becomes  apparent 
that  the  third  ring  of  phomazarin  is  a  pyridine  nucleus  and  moreover 
the  pigment  must  be  an  aza-anthraquinone  in  view  of  its  marked 
stability  under  alkaline  conditions.  (Phomazarin  was  hardly  affec¬ 
ted  by  three  hours  boiling  in  alcoholic  potash;  under  these  condi¬ 
tions  a  phenanthraquinone  would  have  been  converted  into  a 
fluorene  or  diphenic  acid.)  Attempts  to  isolate  a  pyridine  derivative 
met  with  no  success  and  this  time  zinc-dust  distillation,  which  gave 
vital  information  in  many  previous  investigations  in  Kogl’s  labora¬ 
tory,  was  of  no  avail.  However  this  is  less  surprising  when  it  is 
realized  that  the  pyridine  ring  must  contain  two  hydroxyl  groups 
and  a  carboxyl  group. 

The  final  problem  is  the  arrangement  of  the  substituents  in  the 
heterocyclic  ring.  All  three  were  methylated  by  treatment  with 
methyl  iodide  and  silver  oxide  but  when  the  resulting  trimethyl- 
phomazarin  methyl  ester  was  subjected  to  mild  alkaline  hydrolysis 
the  product  obtained  was  not  the  expected  phomazarin  trimethyl 
ether  but  a  new  compound  having  the  molecular  formula 
Ci8Hi406N(0Me)3.  Inspection  of  the  latter  revealed  that  the 
reaction  had  effected  the  loss  of  two  methoxyl  groups  and  the  addi¬ 
tion  of  the  elements  of  water.  Furthermore,  the  new  compound 
(‘dimethylphomazarin  hydrate’)  on  being  heated  above  its  melting 
point  evolved  carbon  dioxide  yielding  dimethyldecarboxyphoma- 
zarin.  These  transformations  can  be  interpreted  as  shown  below, 


(146) 
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if  the  structure  (143)  is  adopted  for  the  heterocyclic  ring.  Hydrolysis 
of  the  a-methoxyl  group  opens  the  ring  to  give  the  aminomethylene- 
malonic  acid  (144)  (‘dimethylphomazarin  hydrate’)  which  loses 
carbon  dioxide  on  melting  and  the  amino  acid  (145)  then  cyclizes  to 
form  dimethyldecarboxyphomazarin  (146).  Several  other  factors 
support  structure  (143):  as  already  mentioned,  the  boroacetic 
anhydride  test  indicates  that  two  />m-hydroxyl  groups  are  present, 
one  of  these  is  in  ring  (141)  and  the  other  is  provided  by  (143). 
2  :  4-Dihydroxypyridine  is  not  a  true  phenol  and  reacts  frequently 
in  the  tautomeric  a-pyridone  form.  Similar  behaviour  is  exhibited 
by  phomazarin  in  so  far  as  a  modified307  Chugaev— Zerewitinoff 
estimation  reveals  only  three  out  of  the  four  active  hydrogen  atoms 
whilst  dimethyldecarboxyphomazarin  has  apparently  none.  More¬ 
over  methylation  of  decarboxyphomazarin  with  methyl  iodide 
and  silver  oxide  in  chloroform  gives  a  mixture  of  a  dimethyl  ether 
and  two  trimethyl  ethers.  The  major  product  is  the  tri- O-methyl 
ether  which  can  be  rearranged  to  the  isomeric  iV-methyl-di- 
O-methyl  ether  by  heating  in  a  sealed  tube  with  methyl  iodide. 

Combining  structures  (141)  and  (143),  two  formulae  (147)  and 
(148)  (or  the  alternative  lactam  structures)  can  be  constructed  for 
phomazarin.  It  should  be  possible  to  distinguish  between  them  by  a 
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study  of  the  infra-red  spectra  of  the  natural 
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Skyrin  (149),  C30H18O10,  dark  orange  rods,  m.p.  >380° 

0 


Skyrin  is  one  of  the  pigments  formed  by  several  strains  of  P.  islandicum 
Sopp“o6»30o>312  but  it  is  not  confined  to  this  species:  three  further 
Penicillia ,  P.  rugulosum  Thom309,  P.  wortmanni  Klocker309  and 
P.  tardum  Thom330,  and  two  Endothia  spp.*,  E.  parasitica  (Murr.) 
Anderson  and  Anderson310  and  E.Jiuens  Shear  and  Stevens310  ( =E . 
radicalis  Fr.),  all  produce  a  mixture  of  red  and  yellow  pigments, 
identified  respectively  as  skyrin  and  rugulosin  ( see  below).  The 
Penicillia  were  grown  on  Czapek-Dox-glucose  solutions  whilst  the 
Endothia  spp.  were  cultured  on  potato  extracts  to  which  glucose  had 
been  added.  Skyrin  forms  a  purple  solution  in  aqueous  sodium 
carbonate  and  a  dipyridine  salt,  and  has  been  characterized  by  the 
preparation  of  a  hexa-acetate,  hexamethyl  ether  and  a  hexa- 
ethoxycarbonyl  ether.  Analyses  and  a  molecular  weight  determi¬ 
nation  on  the  acetyl  derivative  support  the  molecular  formula 
c30h18o10  :  two  C-Me  groups  are  present  but  no  methoxyls. 

The  most  significant  property  of  this  molecule  is  the  facility  with 
which  it  undergoes  reductive  cleavage  to  give  two  molecules  of 
emodin;  sodium  dithionite308’311  in  alkaline  solution  is  the  most 
convenient  reagent  although  it  can  also  be  effected  by  catalytic 
reduction311  (in  the  cold)  or,  rather  inefficiently,  by  aluminium 
chloride311  in  boiling  benzene.  This  cleavage,  in  conjunction  with 
the  molecular  formula,  high  melting  point  and  the  general  proper¬ 
ties  of  skyrin,  at  once  suggests  that  it  has  a  dianthraquinone  structure 
consisting  of  two  emodin  units.  Furthermore,  mild  chromic  acid 
oxidation  of  hexa-acetylskyrin  leads  to  the  formation  of  a  dibasic 
acid  (hexa-acetylskyric  acid)  corresponding  to  the  oxidation  of 
emodin  to  emodic  acid  (CH3— >-C02H)  and  on  reduction  of  skyric 
acid  with  alkaline  dithionite  emodic  acid  is  formed.  Shibata  and  his 

*  The  red  pigment  obtained  from  the  Endothia  spp.  was  initially  named 
endothianin. 
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colleagues311-317  have  shown  that  dianthraquinones  in  which  the 
quinone  units  are  linked  by  a  carbon— carbon  bond,  aie  readily  split 
by  alkaline  dithionite  if  hydroxyl  groups  are  present  in  the  ortho 
position  but  this  is  much  more  difficult  if  the  hydroxyl  groups  are 
para  to  the  inter-quinone  linkage.  However  there  are  several  ways  in 
which  two  emodin  molecules  could  be  joined  together  ortho  or  para 
to  a  hydroxyl  group.  The  formation  of  y-coccinic  acid  methyl  ether 
(3-methoxy-6-methylphthalic  acid)  by  vigorous  chromic  acid  oxida¬ 
tion  of  skyrin  hexamethyl  ether  seemed  to  exclude  the  possibility  of  a 
linkage  at  positions  2  or  4  and  of  the  alternative  structures  5:5'-di- 
emodin  (149)  is  the  most  likely  according  to  the  spectral 
evidence311-313. 

Skyrin  forms  a  dimethyl  ether  by  reaction  with  diazomethane. 
As  this  compound  is  insoluble  in  aqueous  sodium  carbonate  and 
undergoes  reductive  scission  with  alkaline  dithionite  to  form 
physcion,  the  /5-hydroxyl  groups  have  obviously  been  methylated 
and  the  structure  5:5'-di-emodin-6:6'-dimethyl  ether  (5:5'-di- 
physcion)  has  been  established  by  synthesis.  By  treatment  of  emodin 
trimethyl  ether  with  bromine  in  acetic  acid  Taneka  and  Kanedo314 
obtained  the  bromo  derivative  (150)  which  yielded  skyrin  hexa¬ 
methyl  ether  when  subjected  to  an  Ullmann  reaction  in  boiling 
naphthalene.  Partial  demethylation  with  hydrobromic  acid  in 
acetic  acid  removed  the  a-methoxyl  groups  leaving  skyrin-/? : 
dimethyl  ether  identical  with  the  product  obtained  by  diazomethane 
methylation.  The  identity  was  established  by  comparison  of  their 
infra-red  spectra  and  a  mixed  melting  point  of  their  tetra-ethoxy- 
carbonyl  ethers.  The  structure  of  the  bromo  compound  (150)  was 


0 


(150) 


(151) 
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theiefoie  the  dianthraquinone  (149)*.  Optical  activity  due  to 
restricted  rotation  is  possible  in  this  molecule  but  this  has  not 
been  obser ved  in  skyrin  or  any  of  its  derivatives.  The  conversion 
of  the  bromoquinone  (150)  into  (151;  R=  Me)  is  a  curious  one 
effected  by  boiling  with  methanolic  potassium  hydroxide  in  the 
presence  of  manganese  dioxide;  the  crude  product  is  a  mixture 
containing  a  little  emodin  trimethyl  ether  and  in  the  absence  of  the 
oxidizing  agent  hydrogenolysis  is  the  principal  reaction  (cf.  ref.  315). 

Howard  and  Raistrick308  initially  described  skyrin  as  dimorphic, 
crystallizing  either  as  dark  orange  rods  or  yellow  plates,  and  they 
noted  that  the  orange  crystals  formed  a  yellow  solution  in  concen¬ 
trated  sulphuric  acid,  rapidly  turning  to  emerald  green,  whereas 
the  yellow  crystals  gave  an  immediate  green  solution.  They 
ascribed  the  colour  change  to  the  interaction  of  hydroxyl  groups  on 
the  two  emodin  nuclei  in  view  of  the  fact  that  the  hexamethyl  ether 
gave  a  stable  colour  in  concentrated  sulphuric  acid  indistinguishable 
from  that  given  by  emodin  trimethyl  ether.  They  also  observed  that 
on  keeping  solutions  of  skyrin  in  methanol  or  ethanol,  or,  more 
rapidly,  on  boiling  skyrin  hexa-acetate  in  alcohol  containing 
sulphuric  acid,  it  formed  dialkyl  derivatives,  CWHi608(0N4e)2 
(or  OEt2),  which  were  insoluble  in  aqueous  sodium  carbonate. 
This  indicated  that  the  /3-hydroxyl  groups  were  implicated  in  the 
reaction  but  on  the  other  hand  the  new  compounds  appeared  to 
hydrolyse  back  to  skyrin  in  cold  aqueous  sodium  hydroxide.  It  was 
shown  later  that  the  dimethyl  derivative  was  different  from  the 
authentic  /3:  /^'-dimethyl  ether  prepared  by  Shibata  and  co-workers 
and  these  authors  tentatively  suggested311  that  Howard  and 
Raistrick’s  ‘pseudoskyrin  diethers’  have  the  hemiacetal  structure 
(152;  R  =  Me  or  Et).  They  also  pointed  out  that  the  behaviour  of 
the  two  crystalline  forms  of  skyrin  is  more  in  accord  with  a  difference 
in  chemical  structure  than  a  mere  difference  in  crystal  habit,  one 
isomer  possibly  having  the  structure  (152;  R  =  H). 

In  a  further  study  of  the  pigments  produced  by  a  strain  of 
P.  islandicum  Sopp,  Shibata,  Takido  and  Nakajima256  have  detected, 
by  paper  chromatography,  two  more  colouring  matters  closely 
related  to  skyrin.  Microchemical  examination  showed  that  they 
both  form  purple  solutions  in  concentrated  sulphuric  acid  changing 


*  Brockmann  and  Eggers316  have  asserted  that  skyrin  cannot  be  5 :5  -di-emodin 
owing  to  the  discrepancy  in  melting  point  of  skyrin  hexa-acetate  and  hexa- 
acetyl-5 :5'-di-emodin  which  they  derived  from  pemcilhopsin.  This  statemen 
overlooks  the  comments  of  Shibata  et  al.™°  who  pointed  out  that  the  meltmg 
noint  of  hexa-acetylskyrin  is  variable  and  unsuitable  for  identification,  t  he 
Japanese  authors  slid  [hat  the  hexa-ethoxycarbonyl  ether  which  has  a  definite 
melting  point,  should  be  used  for  identification  (see  also  ref.  313). 
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rapidly  to  an  emerald  green,  and  on  reduction  with  alkaline 
dithionite  Pigment  C  gives  w-hydroxyemodin  whilst  Pigment  B 


yields  a  mixture  of  a>-hydroxyemodin  and  emodin.  It  therefore 
seems  likely  that  Pigment  B  is  (153)  and  Pigment  C  is  (154). 


Iridoskyrin  (155),  C30H18O10, 
358-360° 


'Me 


Iridoskyri"  is  separated  from  the  other  pigments  produced  by 
P.  islaniicum Sopp  either  by  chromatography3!’  or  by  light  petroleum 
extract™ of  the  dried  mycelium3’3.  In  either  case  iUscomarnTnated 
by  island.cm  which  may  be  removed  by  vacuum  sublimation 
his  pigment,  which  is  isomeric  with  skyrin,  forms  a  hexa-acetate 
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and  a  hexamethyl  ether,  and  contains  two  C-Me  groups.  The 
structure  (lo5)  was  established  by  Shibata  and  co-workers317  from 
the  following  considerations:  (1)  its  ultra-violet  absorption  curve 
luns  parallel  to  that  of  islandicin  but  is  double  the  intensity; 
(2)  vigorous  reduction  with  alkaline  dithionite  yields  islandicin 
(16  per  cent  yield);  (3)  reduction  with  hydriodic  acid  and  red 
phosphorus  eliminates  two  hydroxyl  groups  and  the  product,  after  re¬ 
oxidation  with  chromic  acid,  is  dianhydrorugulosin  (156;  R  =  Me). 
The  structure  of  the  latter  is  fixed  since  a  chromic  acid  oxidation  of 


the  tetra-acetate  yielded  (after  hydrolysis)  dianhydrorugulosic  acid 
(156;  R=C02H)  whence  decarboxylation  gave  the  dichrysazin 
(156;  R=H)  previously  pi'epared  by  Brockmann319  via  an  Ullmann 
reaction  on  5-iodo-l  :8-dimethoxyanthraquinone. 

Rubroskyrin,  C30H22O12,  dark  red  plates,  m.p.  289-290°  (decomp.)* 
Rubroskyrin  was  first  isolated  from  P.  islandicum  Sopp  by  Howard 
and  Raistrick318.  Like  the  preceding  dianthraquinones  this  pigment 
can  be  split  into  two  C15  units  but  a  new  feature  is  its  tendency  to 
lose  the  elements  of  water.  Thus  acetylation  under  normal  condi¬ 
tions  affords  iridoskyrin  hexa-acetate,  and  again,  when  rubroskrin 
is  dissolved  in  concentrated  sulphuric  acid  it  is  slowly  transformed 
into  iridoskyrin,  the  solution  changing  from  red  to  blue. 

6WH22O12  -►  C30H18O10  +  2  H20 
Rubroskyrin  Iridoskyrin 

Iridoskyrin  is  also  formed  on  pyrolysis  of  rubroskyrin  but  the 
degradation  goes  further  under  these  conditions  and  the  major 
product  is  islandicin,  accompanied  by  a  minor  amount  of  catenarin. 
Howard  and  Raistrick  represented  this  decomposition  as  follows: 

C3oH22Oi2  c15h10o5  +  c15h10o5  +  h2o 

Rubroskyrin  Islandicin  Catenarin 

*  After  softening  at  270°318.  Shibata  et  al .32°  give  m.p.  273°  (decomp.). 
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Islandicin  has  also  been  detected  after  vigorous  reduction  of 
rubroskyrin  with  alkaline  dithionite. 

To  account  for  these  reactions  Shibata  and  his  colleagues320  have 
recently  put  forward  structure  (157)  which  contains  a  reduced  ring 
in  each  anthraquinone  unit.  The  location  of  the  secondary  alcoholic 
groups  (which  would  be  readily  dehydrated)  is  suggested  by  the 
formation  of  catenarin  during  thermal  decomposition  of  rubroskyrin. 
The  existence  of  a  free  (unchelated)  hydroxyl  group  is  revealed  by 


the  infra-ied  spectrum  (in  Nujol)  which  also  shows  bands  at  1623 
(chelated  carbonyl)  and  1703  cm-1.  The  latter  is  ascribed  to  the 
carbonyl  stretching  absorption  of  a  six-membered  a/?-unsaturated 
ring  ketone  shifted  to  a  higher  than  normal  frequency  by  inter¬ 
action  with  a  neighbouring  carbonyl  group.  This  accords  with  the 
formula  (157).  Unlike  iridoskyrin,  rubroskyrin  is  soluble  in 
aqueous  sodium  carbonate  and  even  slightly  soluble  in  bicarbonate 
solution.  This  can  be  accounted  for  as  structure  (157)  is  that  of  a 
substituted  dinaphthazarin  which  would  be  expected  to  have  this 

relational  1  ^  be  interestinS  ">  see  what  structural 

relationship  exists  between  rubroskyrin  and  actinorhodin.  Consi- 

(15810wou  d  ttr  fPOtTtialS  TgeStS  that  the  form 

(15B)  would  be  preferred  in  solution.  Howard  and  Raistrick 

stated  that  rubroskyrin  is  unstable  in  alkaline  solution  the  ereen 

colour  fading  to  brownish  yellow  on  exposure  to  air,  and  it  seems 
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likely  that  the  degradation  begins  by  a  reversed  aldol  fission  of  the 
two  saturated  rings. 

Rugulosin ,  C30H22O10,  yellow  prisms,  m.p.  293°  (decomp.), 

M546I  +605°  (dioxan)* 

Strictly  speaking  rugulosin  is  not  a  quinone  but  it  is  closely  related 
to  the  dianthraquinones.  It  is  the  principal  pigment  elaborated  by 
Penicillium  rugulosum  Thom  (the  yield  from  one  strain  is  c.  20  per  cent 
of  the  weight  of  the  dry  mycelium)  and  by  P.  wortmanni  Klocker, 
and  was  first  discovered  in  Raistrick’s  laboratory  in  1939.  The 
results  were  not  published309  until  1955  and  meanwhile  Shibata 
and  co-workers310  had  found  radicalisin,  a  product  of  Endothia 
parasitica  (Murr.)  Anderson  and  Anderson  and  of  E.  Jiuens  Shear 
and  Stevens  ( =E .  radicalis  Fr.),  which  is  identical  with  rugulosin. 
Another  source  is  P.  tardum  Thom330.  The  pigment  shows  con¬ 
siderable  antibacterial  activity  against  certain  micro-organisms. 

The  essential  structure  of  rugulosin  is  clear  from  the  degradative 
work  carried  out  by  Raistrick  and  his  colleagues309.  On  prolonged 
heating  in  aqueous  sodium  hydroxide  it  yields  chrysophanic  acid 
whilst  thermal  decomposition  leads  to  the  formation  of  both 
chrysophanic  acid  and  emodin.  The  pyrolytic  breakdown  can  be 
summarized  by  the  equation 

^30^22^10  C15H10O4  -f-  C15H10O5  -f-  HaO 

Rugulosin  Chrysophanic  Emodin 

acid 

When  rugulosin  is  heated  in  sulphuric  or  formic  (or  even  glacial 
acetic)  acid  it  behaves  like  rubroskyrin  and  loses  the  elements  of 
water  to  form  a  dianthraquinone,  aurantiorugulosin. 

^“30^22^10  ~ *  ^“30^18^8  T  2  H30 

Rugulosin  Aurantiorugulosin 

(dianhydrorugulosin) 

This  product  was  named  dianhydrorugulosin  by  Shibata  et  a/.317 
who  established  the  di-chrysophanic  acid  structure  (156;  R  =  Me) 
(see  p.  242).  This  settles  the  di-anthracene  structure  of  rugulosin 
and  determines  the  position  of  eight  of  the  ten  oxygen  atoms. 
However  this  colouring  matter  does  not  behave  as  a  polyhydroxy- 
anthraquinone  as  it  gives  a  negative  colour  test  with  magnesium 
acetate,  is  not  reduced  by  cold  alkaline  dithionite  (on  heating  it 
undergoes  reductive  fission  forming  chrysophanic  acid),  and 
tetrahydrorugulosin  (obtained  by  catalytic  hydrogenation)  fails 

*  Shibata  et  al .320a  recorded  m.p.  290°  (decomp.),  [a]D  +  492°  (dioxan). 

244 


DIANTHRAQUINONES 

to  regenerate  rugulosin  on  aeration  in  alkaline  solution.  To  account 
for  these  data  and  the  formation*  of  a  hexa-acetate,  hexabenzoate 
and  hexamethyl  ether,  Shibata,  Murakami  and  Takido320a>323 
suggested  that  rugulosin  has  structure  (159).  Rugulosin  forms  a 
yellow  solution  in  aqueous  sodium  bicarbonate  and,  as  the  hexa- 
acetate  is  neutral,  carboxyl  groups  are  evidently  absent  but  it  will 


0 


be  noted  that  formula  (159)  contains  two  enolic  (or  vinylogous 
carboxyl)  groups.  It  is  possible  to  acetylate  the  alcoholic  groups 
merely  by  boiling  in  glacial  acetic  acid  (other  products  are  formed 
as  well)  and  their  existence  is  verified  by  ester  carbonyl  bands  at 
1754  and  1751  cm'1  in  the  infra-red  spectra  of  the  di-  and  hexa- 
acetates  respectively;  they  are  located  as  shown  to  allow  for  the 
formation  of  emodin  during  the  pyrolysis  of  rugulosin.  The  infra¬ 
red  spectrum  of  rugulosin  itself  shows  carbonyl  bands  at  1620 
(chelated)  and  1690  cm-1  (free).  The  high  frequency  of  the  latter 
(cf.  anthraquinone  Ac=q1681  cm-1)  may  be  compared  with  2:3- 
dihydro- 1  -hydroxyanthraquinone  (164)  which  shows  carbonvl 
bands  at  1623  and  1717  cm-1. 

It  is  appropriate  at  this  point  to  refer  to  another  metabolic 
product  of  P.  islandicum  Sopp,  the  yellow  pigment  flavoskyrin , 
m.p.  208  (decomp.) f,  [a]D  —295°  (dioxan).  It  has  the  molecular 
formula  C15H1205,  and  Howard  and  Raistrick308  showed  that  it  was 
readily  converted  into  chrysophanic  acid  when  heated  to  its  melting 
point  or  on  dissolution  in  concentrated  sulphuric  acid. 

ci5H1205  -*  C15H10O4  +  h2o 
flavoskyrin  Chrysophanic 
acid 


However  it  is  not  a  quinone  as  it  is  unaffected  by  the  reducing  action 

hexa-acetate  prepared  by  Shibata  et  c.  corresPond  to  either  the  penta-  or 
t  Howard  and  Raistrick  recorded  m.p.  215°. 
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of  sodium  dithionite  or  zinc  and  acetic  acid,  and  it  gives  a  negative 
reaction  with  magnesium  acetate.  The  infra-red  spectrum  shows 
a  hydroxyl  band  at  3450  and  carbonyl  bands  at  1625  and  1715  cm-1. 
On  these  grounds,  and  by  analogy  with  rugulosin,  Shibata  and 
co- workers320**  >323  therefore  proposed  structure  (160).  In  this  case 


the  enolic  group  is  conjugated  with  only  one  carbonyl  group 
(cf.  rugulosin)  and  the  compound  is  only  very  slightly  soluble  in 
aqueous  sodium  bicarbonate,  but  it  dissolves  easily  in  aqueous 
sodium  carbonate  solution. 

Luteoskyrin ,  C30H22O12,  yellow  needles,  m.p.  273°  (decomp.), 
[oc]f>  — 880°  (acetone) 

A  serious  problem  arose  recently  in  Japan  through  the  importation 
of  a  large  amount  of  mouldy  rice.  Investigation  showed  that 
P.  islandicum  Sopp  was  partly  responsible  for  the  decay  and  one 
toxic  factor  was  recognized  almost  simultaneously  by  \  amamoto 
et  al312,  and  by  Tatsuno  et  al  322,  as  a  yellow  pigment,  m.p.  273°. 
It  was  described  as  Pigment  X  by  Tatsuno  et  al.  and  is  almost 
certainly  the  same  as  Pigment  A  detected  earlier  by  Shibata 
et  al .256  in  another  strain  of  P.  islandicum.  It  is  now  known  as 
luteoskyrin. 

Luteoskyrin  is  soluble  in  aqueous  sodium  bicarbonate  and  forms 
an  octabenzoate.  It  yields  islandicin  on  reductive  cleavage  with 
alkaline  dithionite,  islandicin  and  iridoskyrin  by  the  action  of 
concentrated  sulphuric  or  formic  acid,  and  islandicin  and  catenaiin 
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on  pyrolysis.  The  general  nature  of  luteoskyrin  is  therefore  obvious 
but  since  it  gives  a  negative  test  with  alcoholic  magnesium  acetate 
Shibata  and  Kitagawa320b  inferred  that  it  is  not  a  true  quinone  and 
by  analogy  with  rugulosin  they  have  proposed  structure  (161) 
which  they  prefer  to  the  isomeric  quinonoid  form  (162)  put  forward 
tentatively  by  Yamamoto  et  a/.321  In  favour  of  structure  (161) 
Shibata  and  Kitagawa  were  able  to  show  that  rubroskyrin  could 
be  isomerized  to  luteoskyrin.  This  was  effected  by  heating  the 
former  with  pyridine  in  chlorobenzene  and  is  analogous  to  the 
conversion  of  the  ketone  (163)  into  the  enol  (164)  under  the  same 
conditions85. 


Luteoskyrin  is  light  sensitive,  its  yellow  solutions  in  organic 
solvents  becoming  light  red  on  exposure  to  light.  The  irradiated 
product,  m.p.  270°,  appears  to  be  a  true  quinone. 
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PHENANTHRAQUINONES  AND 
MISCELLANEOUS  QUINONES 

natural  products  related  to  phenanthrene  are  numerous  but 
the  quinones  of  this  series  are  rare  and  in  only  one  instance,  thele- 
poric  acid,  has  the  structure  been  completely  elucidated. 


Theleporic  Acid,  C20H12O9,  lustrous,  almost  black,  prisms,  no  m.p. 

This  colouring  matter  occurs  in  the  higher  fungi  Polystictus  versicolor 
(L.)  Fr.3,  Cantharellus  multiplex  Underw.3  and  especially  in  Thele- 
phora 1  and  Hydnum  spp.2-3  It  has  also  been  found  in  the  lichens 
Lobaria  retigera  Trev.4  and  L.  pulmonaria  (L.)  Hoffm.  f.  hypomela  (Del.) 
Cromb.4  The  crystalline  material,  which  resembles  potassium 
pei  manganate  in  appearance,  is  practically  insoluble  in  the  common 
organic  solvents  with  the  exception  of  hot  pyridine  in  which  it  forms 
a  wine-red  solution,  changing  to  cornflower-blue  on  dilution  with 
water.  It  was  isolated  from  Th.  palmetto  Scop,  by  allowing  the  dried 
and  powdered  fungus  to  soak  in  water  and  then  extracting  the 
damp  material  in  a  Soxhlet  with  pyridine.  In  this  way  Kogl  and 
co-workers5  obtained  1-5  g.  which  sufficed  for  the  complete 
structural  investigation. 


The  pigment  has  the  molecular  formula  C20H12O9  and  was 
characterized  by  the  formation  of  an  orange-yellow  triacetate  and 
a  colourless  Wpenta-acetate.  On  catalytic  hydrogenation  it 
absorbed  three  moles  of  hydrogen  and  the  product  formed  a 
leptamethyl  derivative  with  diazomethane.  Thus  the  nine  oxygen 
atoms  are  accounted  for  as  three  phenolic  hydroxyl  groups  a 
quinone  system,  and  two  carboxyl  groups 

Theleporic  acid  will  dye  wool  and  cotton  from  an  ammonia- 
dithiomte  vat  which  of  course  suggests  an  anthraquinone  structure 

a  Z,ntmt  diStUlation  of  the  ‘^acetate  yielded  a  new 
hydr^arbon  C  8H  m.p.  125°,  of  an  olefinic  character  which  was 
readtly  oxKhzed  by  titration  with  permanganate  to  an  acid 

afforded^  * 

hPXtCtCHbTUC  addb  fT  "onow“tha: 

-  «s“™, :  it  “ :s 
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side  chain  was  confirmed  by  oxidation  of  hexahydrotheleporic  acid 
with  alkaline  hydrogen  peroxide  which  gave  adipic  acid  as  the  major 
product.  The  Thelephora  pigment  therefore  contains  the  grouping 
— 1 GH=CH  CH=CHC02H  which  had  been  discovered  a  little 
earlier  in  another  fungus  pigment,  muscarufin.  Oxidation  of 
theleporic  acid  itself  with  alkaline  hydrogen  peroxide  yielded 
5-hydroxymellitic  acid  (1),  also  obtained  as  a  minor  product  in  the 
oxidation  ol  the  hexahydro  derivative.  This  showed  that  the  second 
carboxyl  group  was  located  ortho  to  a  hydroxyl  group  in  one  benzene 
ring  (A)  of  the  phenanthraquinone  nucleus  and  the  remaining 
hydroxyl  groups  and  the  co-carboxy  side  chain  must  be  in  ring  B. 


(D  (2)  (3) 


The  arrangement  of  the  substituents  in  ring  B  was  determined  by 
oxidative  degradation  of  triacetyltheleporic  acid  with  chromic  acid. 
This  opened  the  quinonoid  ring,  the  principal  product,  after 
hydrolysis,  being  a  phenolic  acid  C16H10On,  from  which  a  trihydroxy- 
diphenyl,  C12H10O3,  was  obtained  on  pyrolysis  of  its  potassium  salt. 
Further  oxidation  of  the  trihydric  phenol  with  alkaline  hydrogen 
peroxide  gave  /j-hydroxybenzoic  acid.  Both  this  reaction  and  the 
formation  of  adipic  acid  by  a  similar  oxidation,  mentioned  previously, 
suggest  that  the  other  two  hydroxyl  groups  occur  as  a  quinol  system, 
the  oxidation  proceeding  via  ring  fission  of  the  corresponding  qui- 
none.  This  points  to  structure  (3)  for  the  trihydric  phenol  which  was 
confirmed  by  synthesis.  This  was  achieved  by  Gomberg  arylation 
of  benzoquinone  using  diazotised  /?-anisidine  which  gave  the  quinone 
(4)  from  which  (3)  was  obtained  by  reductive  demethylation  with 
hydriodic  acid.  The  diphenic  acid  obtained  in  the  chromic  acid 


oxidation  must  therefore  be  (2)  whence  theleporic  acid  is  (5)  which 
accounts  satisfactorily  for  all  the  degradation  products.  5:6- 
Dihydroxy-1 :4-naphthaquinone  (6),  whose  mesomenc  anion  is 
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similar  to  that  of  theleporic  acid,  also  forms  a  red  solution  in 
pyridine  which  becomes  blue  on  adding  water6. 

Denticulatol* 

The  root  of  Rumex  chinensis  Campd.*  (Polygonaceae) ,  a  drug  used 
occasionally  in  China  as  a  substitute  for  rhubarb,  contains,  in 
addition  to  the  common  Rumex  constituent  chrysophanic  acid,  an 
isomeric  compound  which  is  evidently  a  phenanthrene  derivative. 
This  substance,  denticulatol,  C15H10O4,  m.p.  162*5°,  is  soluble  in 
aqueous  sodium  hydroxide,  insoluble  in  carbonate  solution,  and 
forms  yellow  mono-  and  diacetates.  No  specific  quinonoid  pro¬ 
perties  are  mentioned  by  Chi  et  al.1  who  examined  the  pigment  but 
a  zinc-dust  distillation  yielded  two  products  identified  as  1-methyl- 
phenanthrene  and  1-methylphenanthraquinone.  It  was  noted 
that  the  formation  of  the  latter  was  ‘very  peculiar’  and  the  Chinese 
authors  attributed  this  to  its  volatility  and  suggested  that  sublima¬ 
tion  occurred  before  complete  reduction  had  taken  place.  A 
further  degradation  of  the  colouring  matter  with  chromic  acid 
afforded  3-methylphthalic  acid  which  thereby  established  the 
structure  of  one  ring  of  the  phenanthrene  nucleus.  It  follows  that 
both  hydroxyl  groups  occur  in  the  other  benzenoid  ring  and  on  the 
basis  of  colour  tests  with  antimony  trichloride  and  ferric  chloride, 
they  were  deemed  to  occupy  meta  positions.  Accordingly  structures 
(7)  or  (8)  were  postulated  for  denticulatol. 


OH 


HO 


(7) 


(8) 


Xyhndein ,  C34H26On,  deep  brown  pleochroic,  leaflets  (no  m.p.) 
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Although  it  attracted  early  attention8  there  has  only  been  one 
chemical  investigation9  of  xylindein  and  its  structure  remains 
obscure.  The  substance  is  extremely  insoluble  in  the  usual  organic 
solvents  and  can  best  be  isolated  by  extracting  green  rotting  beech 
wood  with  warm  phenol.  Kogl  and  co-workers  prepared  a  number  of 
derivatives,  one  of  which  gave  phenanthrene  on  zinc-dust  distillation, 
but  no  other  significant  degradation  products  could  be  identified. 
The  pigment  forms  a  yellow  tetra-acetate  and  a  violet  dimethyl 
ether  and  seems  to  contain  two  enol-lactone  groups.  It  appears  to 
be  a  quinone,  although  not  an  o-phenanthraquinone,  and  Kogl 
tentatively  suggested  that  it  might  be  a  diphenanthryl  derivative 
containing  an  extended  quinone  system  of  the  type 


The  Tanshinones 


From  the  root  of  Salvia  milliorrhiza  Bge.  ( Labiatae )  (the  Chinese 
purgative  drug  Tan-shen)  Nakao10  isolated  three  red  crystalline 
substances  by  alcohol  extraction.  They  were  designated  tanshinones 
I,  II  and  III,  and  were  readily  distinguished  by  their  characteristic 
colours  in  concentrated  sulphuric  acid  (blue,  green  and  brown 
respectively).  Subsequently  Takiura12  showed  that  tanshinones 
II  and  III  were  mixtures,  the  latter  containing  the  former  and  also 
another  pigment,  cryptotanshinone. 

Attention  has  been  directed  chiefly  to  tanshinone  /,  C18H1203, 
glistening  brown-red  prisms,  m.p.  232-234°,  which  was  characteri¬ 
zed  as  an  o-quinone  by  the  formation  of  a  quinoxaline  derivative, 
a  /mrodiacetate  and  a  /racodimethyl  ether.  A  number  of  unidentified 
degradation  products  were  obtained  by  Nakao  and  Fukushima10 
but  no  further  progress  was  made  until  Wessely  and  Wang11  eluci¬ 
dated  the  structure  of  one  of  these  fragments,  a  yellow  anhydride, 
C13H803,  obtained  by  oxidation  of  the  pigment  with  chromic  acid. 
As  it  yielded  1-methylnaphthalene  on  decarboxylation  it  must  be 
derived  from  one  of  the  six  possible  o-  or  peri- dicarboxylic  acids  of 
this  hydrocarbon  and  it  proved  to  be  the  isomer  (11).  This  was 
established  by  synthesis:  Claisen  condensation  of  the  ester  (9)  with 


(9) 


C02  Et 


CO 


C02Et 

(10) 
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oxalic  ester  gave  (10)  which  afforded  the  anhydiide  (11)  on  tieat- 
ment  with  cold  concentrated  sulphuric  acid.  This  degradation 
product  accounts  for  thirteen  of  the  carbon  atoms  in  the  tanshinone 
I  molecule  and  since  the  latter  is  an  o-quinone  there  must  be  a 
third  six-membered  ring  fused  to  the  naphthalene  nucleus.  This 
leads  to  the  partial  structures  (12)  (13)  or  (14)  and  the  following 
year  Takiura14  isolated  1-methylphenanthrene  by  zinc-dust 
distillation. 


The  remaining  fragment  C3H40  must  accomodate  three 
observations:  (a)  the  oxygen  atom  is  inert,  (b)  ethylenic  double 
bonds  are  absent  and  (c)  it  contains  a  C-Me  group  as  two  of  these 
are  present  in  tanshinone  I.  Wessely  and  Wang  therefore  concluded 
that  this  fragment  is  incorporated  in  a  furan  ring  fused  to  the  quinone 
system  of  (12)  or  (13)  and  the  pigment  was  formulated  as  a  furano- 
phenanthraquinone  such  as  (15)  or  (16)  (there  are  eight  possible 


isomers).  Further  work  by  Takiura^  showed  that  the  quinone 
grouping  must  be  located  at  the  3:4  positions.  Aerial  oxidation  of 
tanshmone  I  in  the  presence  of  sodium  ethoxide  yielded  a  dibasic 
acid Ti8H1405  which  formed  an  anhydride  and  an  imide.  Decar- 
boxylation  with  copper  chromite  in  quinoline  produced  an  oily 
substance,  characterized  by  a  red  picrate,  C  CH  O-C  K  O  1M 
and  when  oxidized  with  permanganate  in  acetone  Uglvel^thw’ 
naphthalene-6-carboxyhc  acid.  The  dibasic  acid  is  therefore 
ormulated  as  ( 1 7)  (or  a  furan  ring  isomer),  and  these  degradations, 
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formulated  below,  limit  the  possible  structure  of  tanshinone  I  to 


(a)  (b)  (c)  (d) 


In  an  effort  to  settle  the  structure  of  tanshinone  I  Wessely 
and  Bauer13  subjected  the  /^wcodimethyl  ether  to  ozonolysis.  This 
proved  to  be  a  complicated  reaction  from  which  they  were  able  to 
isolate  about  20  per  cent  of  l-methylnaphthalene-5:6-dicarboxylic 
acid  and  about  25  per  cent  of  a  yellow  substance,  C19H1804.  This 
latter  material,  which  formed  a  monoacetate  and  a  monomethyl 
ether,  was  only  slightly  soluble  in  dilute  aqueous  sodium  hydroxide 
and  could  be  degraded  by  further  ozonolysis  to  1-methylnaphtha- 
lene-5 :  6-dicarboxylic  acid.  It  may  be  plausibly  formulated  as  the 
hydroxyketone  (18)  derived  from  structure  (a)  as  shown  below.  The 


run 


isomeric  dimethyl  ether  from  (b)  would  give  a  hydroxyaldehyde 
corresponding  to  (18)  but  the  product  obtained  was  in  fact  stable 
to  cold  permanganate  and  moreover  it  contained  two  C-Me  groups. 
Structure  (b)  is  therefore  unlikely.  If  the  pigment  had  structure  (c) 
ozonolysis  of  the  toodimethyl  ether  would  lead,  via  an  isomer  of  (18) 
to  an  o-diketone  not  convertible  into  a  naphthalenedicarboxylic 
acid  under  the  conditions  used  (this  was  confirmed  by  model 
experiments) ;  structure  (d)  is  similarly  excluded.  i  s  e 
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experiments  are  not  decisive,  the  evidence  is  strongly  in  favour  of 
structure  (a)  (15)  and  as  Takiura  pointed  out  the  carbon  skeleton 
shows  a  strong  resemblance  to  that  of  typical  diterpene  derivatives, 
e.g.  abietic  acid.  A  further  likeness  is  seen  in  the  red  furanonaphtha- 
quinone  (19)  which  gives  a  green,  turning  to  blue,  coloration  in 
concentrated  sulphuric  acid,  reminiscent  of  tanshinones  I  and  II. 


0 

(19) 


Tanshinone  II  was  first  described  by  Nakao10  as  light  red  leaflets, 
m.p.  216°  having  the  molecular  formula  C19H1803.  Similar 
material  obtained  by  Takiura12  was  separated  chromatographically 
into  two  red  pigments:  (a)  C19H1803,  m.p.  211°,  which  formed  a 
yellow  quinoxaline,  and  (b)  C18H1604(  ?),  m.p.  222°  which  reunified 
during  reaction  with  o-phenylenediamine.  However  the  tanshinone 
II  of  Wessely  and  Lauterbach16  had  m.p.  216°  and  there  is  no 
suggestion  of  heterogeneity  in  their  description  of  the  material 
(they  were  no  doubt  unaware  of  Takiura’s  work).  Both  compounds 
m.p.  21 1°  and  216°  formed  a  yellow  quinoxaline  m.p.  206°  and  are 
presumably  the  same  substance.  Wessely  and  Lauterbach  also 
prepared  a  /^wcodiacetate  and  a  kwcodimethyl  ether  and  found  that 
tanshinones  I  and  II  were  very  similar.  Mild  oxidation  with  chromic 
acid  leads  to  the  formation  of  an  anfwrln'rU  n  ur  ...uu  .l. 


acid  leads  to  the  formation  of  an  anhydride  C14H1403,  with  the  loss 
of  a  fragment  containing  five  carbons  and  four  atoms  of  hydrogen- 
a  L5H4  fragment  also  disappears  in  the  degradation  of  tanshinone 
o  the  anhydride  (11),  which  strongly  suggests  that  tanshinone 
a  so  contains  a  methylfurano-o-quinone  system  (see  20) .  This 


0 


(20) 


0 

(21) 


would  account  for  the  C-Me 


group  which  is  present  (a  Kuhn-Roth 
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determination  yielded  rather  more  than  one  mole  of  acetic  acid) 
and  for  the  third  oxygen  atom  which  could  not  be  characterized. 
Vigorous  oxidation  of  the  quinone  or  the  anhydride,  014H14O3, 
with  nitric  acid  yielded  benzene- 1 : 2 : 3 : 4-tetracarboxylic  acid  which 
establishes  ring  ^4  (20)  but  the  structure  of  the  remaining  fragment 
C6Hi2  is  uncertain.  As  aliphatic  double  bonds  are  absent  it  must 
form  a  saturated  five-  or  six-membered  ring  fused  to  the  benzene 
ring,  and  substituted  by  one  or  more  alkyl  groups.  As  the  pigment 
shows  no  optical  activity  the  structural  possibilities  are  limited  in 
number  and  (21)  would  appear  to  be  the  most  attractive  formula 
by  analogy  with  tanshinone  I  and  the  diterpenes.  This  is  supported 
by  the  formation  of  a  hydrocarbon,  very  probably  1-methylnaph- 
thalene,  on  decarboxylation  of  the  anhydride,  c14H14o3. 


Cryptotanshinone,  C19H20O3,  orange  plates,  m.p.  191°,  [a]fj— 91-4° 
(chloroform) 

The  material,  m.p.  182°,  called  by  Nakao10  tanshinone  III  in  the 
initial  investigation  of  S.  jniltiorrhizn,  was  later  shown  by  Takiura1" 
to  be  a  mixture  of  tanshinone  II  and  cryptotanshinone.  The  two 
were  separated  most  conveniently  by  addition  of  fenic  chloride  to 
a  saturated  solution  of  ‘tanshinone  III*  in  glacial  acetic  acid,  a 
complex  precipitated  which  liberated  the  cryptotanshinone  on 
treatment  with  water.  It  forms  a  bright  red  solution  in  concentrated 
sulphuric  acid  and  its  yellow  quinoxaline  (m.p.  150°)  agrees  with 
that  (m.p.  149°)  of ‘tanshinone  III*  obtained  by  Nakao.  Takiura 
also  prepared  a  colourless  /ewrodiacetate  and  a  deep  red  semicar- 
bazone,  and  by  zinc-dust  distillation  he  obtained14  a  yellow  oil 
which  afforded  1-methylphenanthrene  on  dehydrogenation  with 
sulphur.  Thus  cryptotanshinone  appears  as  an  orfAoqumone  of  a 
hydrogenated  phenanthrene.  Qualitative  tests  indicated  that  the 
third  oxygen  atom  was  in  neither  a  hydroxyl,  methoxyl  nor  a 
carboxyl  group,  but  the  quinone  dissolved  in  alcoholic  sodium 
hydroxide  forming  a  red  solution  from  which  a  yellow  compound, 
C  qH9904,  was  liberated  on  acidification.  On  treatment  in  concern 
tratecTsulphuric  acid  it  lost  the  elements  of  water  and  reverie  ° 
crvototanshinone.  The  yellow  compound  was  soluble  in  aqueous 
sodium  bicarbonate,  formed  an  alkali-insoluble  phenazme  de- 
rivative  a  chloroform-soluble  copper  complex,  and  on  shaking  its 

therefore  regarded  cryptotanshinone  as  an  alkoxy  (but  Y) 
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o-quinone  and  he  formulated  the  alkaline  hydrolysis  as  shown14; 


the  phenazine  derivative  (b)  derived  from  the  yellow  />-quinone 
(a)  may  be  converted  into  cryptotanshinone  quinoxaline  by  the 
action  of  concentrated  sulphuric  acid  which  is  analogous  to 
reactions  Hooker  observed  with  phenazines  of  the  /Mapachone 
series34. 

Oxidation  of  the  yellow  quinone,  C19H2204,  with  alkaline  hydro¬ 
gen  peroxide  yielded  a  crystalline  dibasic  acid,  014H16O4,  and  a 
syrupy  water-soluble  acid,  besides  smaller  fragments.  The  water- 
soluble  acid  gave  an  unsaturated  acid  on  distillation  which  could 
be  reduced  catalytically  to  wobutyric  acid:  this  oxidation  product 
is  therefore  /Miydroxy^obutyric  acid.  The  dibasic  acid  formed  an 
anhydride  and  when  this  was  dehydrogenated  with  sulphur  it  was 
converted  into  the  anhydride  of  l-methylnaphthalene-5:6-dicar- 
boxylic  acid  with  the  loss  of  one  carbon  atom,  and  since  it  also 
yielded  1  :l-dimethyltetralin  when  decarboxylated  with  copper 
chromite  in  boiling  quinoline  the  C14  acid  must  be  (24).  The  eluci¬ 
dation  of  the  structure  of  these  degradation  products  leads  to  formula 
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(22)  or  (23)  for  cryptotanshinone,  and  Takiura14  preferred  the  latter 
in  view  of  its  relationship  to  abietic  acid. 


Miscellaneous  Quinones 


Celastrol  ( Tripterine ),  C27H3404,  ruby  red  cubes,  m.p.  205°  (decomp.) 
Pristimerin,  C28H3604,*  orange  needles,  m.p.  219-220° 

The  Chinese  insecticide  Lei-Kung-Teng  consists  of  the  root  of  the 
thundergod  vine  Tripterygium  Wilfordii  Hook.  f.  ( Celastraceae )  which 
contains,  besides  the  active  alkaloidal  principles,  a  red  pigment 
known  as  tripterine17.  Little  or  no  chemical  work  has  been  done 
on  this  material  but  it  was  found  later  to  be  identical18  with  celastrol, 
a  colouring  matter  isolated19  from  the  root  bark  of  the  common 
North  American  bittersweet  Celastrus  scandens  Linn.  More  recently, 
an  antibiotic  principle,  pristimerin,  has  been  obtained20  from  the 
roots  of  Pristimera  indica  (Willd.)  A.  C.  Smith  and  P.  grahamii  (Wight) 
A.  C.  Smith,  and  from  the  Australian  species31  C.  dispermis  F.  Muell. 
and  Denhamia  pittosporoides  F.  Muell.  (all  Celastraceae ),  and  this  has 
proved  to  be  the  methyl  ether  of  celastrol.  Celastrol  has  been  poorly 
characterized  and,  as  the  work23  on  this  pigment  is  based  on 
erroneous  formulae,  attention  will  be  mainly  directed  to  the  recent 
studies  of  Indian21  and  Japanese22  workers  on  pristimerin. 

These  two  pigments  show  typical  quinonoid  properties  and  it  is 
clear  from  their  ultra-violet  absorption  spectra  that  they  are  ortho- 
quinones  despite  their  inability  to  form  quinoxaline  derivatives. 
Pristimerin,  however,  is  soluble  in  alcoholic  sodium  bisulphite.  It 
is  also  evident210 >22  from  the  light  absorption  of  the  /^wcodiacetate 
and  /tfwcodimethyl  ether  of  pristimerin  that  these  are  benzenoid 
derivatives  and  consequently  the  colouring  matters  appeal  to  be 
or^o-benzoquinones-f  rather  than  naphthaquinones  as  had  previously 
been  suggested23.  From  a  series  of  ninety  micro  zinc-dust  distilla¬ 
tions  Nakanishi  and  co-workers22  isolated,  in  very  poor  yield,  a 
crystalline  fluorescent  solid,  C26H22,  m.p.  299-300  vyhose  ultia- 
violet  spectrum  was  almost  superposable  on  that  of  picene.  This 
product  they  regard  therefore  as  a  monoalkylpicene  C4H9-C22H13. 
An  alkylated  chrysene  structure  C3H7-C18H41  is  also  possible  but 
was  thought  less  likely.  On  the  other  hand  Kamat  et  al.2lb  obtained 
a  hydrocarbon  m.p.  200°  by  zinc-dust  distillation  which  they 
suggested  (the  evidence  is  not  published)  was  a  tetramethylchrysene. 


*  This  agrees  with  the  molecular  weight  determined  by  x-ray  crystallography33. 
NakanishiTa/  -  prefer  C30H4nO4.  The  molecular  formula  given  for  celastrol  is 
based  on  that  of  pristimerin ;  the  older  formulae  are  mcorrec  . 

t  Umil  more  is  known  of  the  structure  of  these  ptgments  tt  seems  better  not  to 

include  them  in  Chapter  2. 
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Celastrol  contains  an  acidic  hydroxyl  group  which  forms  a  methyl 
ether  (pristimerin)  with  diazomethane;  this  ether  appears  to  hydro¬ 
lyse  readily  under  both  acid  and  alkaline  conditions,  which  implies 
that  the  methoxyl  group  is  attached  to  the  quinone  ring21a.  Evidence 
in  favour  of  this  was  obtained22  by  an  examination  of  pristimerol 
(/mropristimerin)  obtained  by  catalytic  hydrogenation  of  pristi¬ 
merin,  by  reduction  with  sodium  borohydride  or  by  a  dispro¬ 
portionation  reaction  brought  about  by  boiling  in  alcoholic  hydro¬ 
chloric  acid.  Comparison  of  the  ultra-violet  spectrum  of  its  dimethyl 
ether  with  those  of  suitable  models  indicated  the  presence  of  a  1:2- 
dialkyl-3 : 4 : 5-trimethoxybenzene  moiety,  and  it  was  then  found  that 
the  absorption  curve  of  the  trimethoxytetralin  (25)  was  super- 
imposable  on  that  of  pristimerol  dimethyl  ether.  One  ring  of  pristi¬ 
merol  can  therefore  be  written  as  (26)  or  (27)  which  agrees  with  its 


(25) 


(26) 


(27) 


green  (catechol)  ferric  chloride  colour  and  its  ability  to  couple  with 
/>-diazobenzenesulphonic  acid.  The  hydroxyl  groups  of  pristimerol 
appear  to  be  hindered,  as  it  fails  to  form  a  carbonate  by  reaction  with 
phosgene,  and  a  steric  factor  presumably  accounts  for  the  inability 
of  pristimerin  to  react  with  o-phenylenediamine. 

The  fourth  oxygen  atom  in  pristimerol  is  present  as  a  keto  group. 
This  is  inferred  from  a  band  in  the  infra-red  spectrum  of  its  diacetate 
and  dimethyl  ether  at  1725  and  1720  cm-1  respectively,  although 
the  Japanese  authors  were  unable  to  prepare  carbonyl  derivatives 
from  these  compounds  and  the  dimethyl  ether  could  not  be  reduced 
with  sodium  borohydride  or  with  lithium  aluminium  hydride.  They 
concluded  that  this  carbonyl  group  was  also  sterically  hindered  and 

for  these  facts  they  expanded  the  partial  structure  (27)  to 
(28)  in  which  the  keto  group  is  located  in  ring  C  of  an  angular  tri¬ 
cyclic  system  and  hydrogen-bonded  to  the  nearest  hydroxyl  group  in 


if  r  u  i  y  1  e  intra-red  spectrum  of  pristimerol 

.tself  falls  at  1705  cmr*  the  shift  of  15  cmr'  on  methylation  being 
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ascribed  to  hydrogen  bonding  in  the  seven-membered  chelate  ring. 
Comparison  with  the  infra-red  spectra  of  steroid24  and  triterpenoid25 
ketones  led  Nakanishi  et  al.  to  believe  that  ring  C  is  five-membered, 
it  being  pointed  out  that  derivatives  of  hydrojervine  (29)26  also 
absorb  in  the  region  of  1725  cm.-1  However  this  is  only  tentative 
and  a  six-membered  ring  C  is  by  no  means  excluded.  By  treatment 
of  pristimerin  in  methyl  sulphate-acetone-potassium  carbonate, 
Shah  and  his  colleagues210  obtained  a  ‘methylated  pristimerin’ 
which  contained  three  methoxyl  groups  and  evidently  arose  by 
another  disproportionation  reaction.  (Aromatization  of  benzo- 
quinones  under  similar  conditions  has  been  observed  before27.)  The 
analyses  and  light  absorption  of  this  compound  correspond  closely 
to  those  of  pristimerol  dimethyl  ether  and  the  two  substances  appear 
to  be  isomers.  In  contrast  to  the  Japanese  workers,  Shah  et  al.  were 
able  to  prepare  a  2:4-dinitrophenylhydrazone  from  their  substance 
and  to  reduce  it  by  lithium  aluminium  hydride  to  an  alcohol. 

Nakanishi  and  co-workers  tentatively  formulated  pristimerin 
itself  as  (30)  (R  =  Me)f .  The  pentacyclic  structure  is  based  on  the 


0  Q 


C7H,5 


A 

o  P 


MeO 


(30)  (31)  (32) 

product  of  zinc-dust  distillation  although  the  possibility  of  ring 
formation  during  the  reduction  may  invalidate  this  postulate  when 
more  information  is  available.  As  C  is  regarded  as  a  five-membered 
ring,  a  methyl  group  has  been  placed  at  the  C/D  junction  to  allow 
for  picene  formation.  Incidentally  this  also  introduces  a  necessary 
asymmetric  centre  as  pristimerol  diacetate  is  optically  active.  The 
ketone  group  in  ring  C  is  considered  to  be  in  the  enol  form  as  there  is 
a  weak  hydroxyl  band  in  the  infra-red  spectrum,  both  in  solution 
and  in  the  solid  state,  corresponding  to  an  intramolecularly  hydrogen- 
bonded  hydroxyl  group*.  This  hydroxyl  band  disappears  on  con¬ 
version  to  pristimerol  diacetate.  Pristimerin  gives  positive  tests  with 
ferric  chloride,  boroacetic  anhydride  and  stannic  chlonde  ^1 
Kulkarni  and  Shah21a  interpreted  as  arising  from  a  potentia 
hydroxyl  group  located  fieri  to  the  quinone  system  as  in  the  partia 

*  The  Indian  work  21»«>  is  self-contradictory  on  the  question  of  the  hydroxy 
group  but  appears  finally  to  agree  with  Nakanishi. 

•f  C7H15.  See  footnote  p.  266. 
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structure  (31)  (keto  form  shown).  However,  the  corresponding 
structure  (32)  for  pristimerol,  is  untenable  as  its  ultra-violet  and 
infra-red  spectra  do  not  agree  with  a  hydroxytetralone  structure. 

At  present  therefore  very  little  is  known  with  certainty  of  the 
molecular  architecture  of  pristimerin  and  celastrol.  In  formula  (30), 
most  of  which  is  speculative,  seven  carbon  atoms  are  unallocated 
and  positions  have  to  be  found  for  a  carbon-carbon  double  bond 
(possibly  more21)  probably  in  a  highly  hindered  position22,  and  for 
at  least  two  more  C-Me  groups.  The  only  other  proposal  at  present 
is  a  xanthophyll  type  of  structure  containing  a  conjugated  penta-ene 
chain  suggested  by  Kamat,  Fernandes  and  Bhatnagar21b  on  the 
basis  of  Patterson  projection  maps.  This  can  be  rejected  both  on 
chemical  and  spectrographic  grounds. 

Hallachrome 

Hallachrome  is  the  pigment  of  the  outer  skin  of  the  marine  worm 
Halla  parthenopeia  (Della  Chiaje)  which  inhabits  Mediterranean 
coastal  waters.  According  to  Mazza  and  Stolfi28  it  is  a  somewhat 
unstable  acidic  compound  forming  red  plates  of  indefinite  melting 
point.  The  molecular  formula  is  given  as  C9H704N.  The  pigment 
undergoes  reversible  reduction  indicating  a  quinonoid  structure 
and  by  reduction  with  sulphurous  acid  and  subsequent  methylation 
the  Italian  workers  isolated  two  products  which  they  regarded  as 
5 : 6-dimethoxyindole  and  its  2-carboxylic  acid.  From  this  and  other 
data  they  concluded  that  hallachrome  had  structure  (33)  being 
identical  with  the  red  compound  (dopachrome)  which  Raper29 


(33) 


obtained  by  enzymatic  oxidation  of  tyrosine.  In  fact  Raper’s 
compound  has  never  been  isolated  and  the  claims  of  Mazza  and 
btolfi  have  been  denied  by  several  workers30  who  have  drawn  atten¬ 
tion  to  numerous  differences  between  hallachrome  and  dopachrome. 
No  alternative  structure  can  be  suggested  at  present. 
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EXTENDED  QUINONES 


Aphins 


It  is  a  curious  fact  that  the  quinones  elaborated  by  insects  are  either 
very  simple  or  very  complex,  complexity  reaching  its  height  in  the 
aphin  pigments  which  are  coronene  derivatives.  A  detailed  des¬ 
cription  of  certain  aphid  colouring  matters  (probably  from  the 
common  woolly  aphid,  Eriosoma  lanigerum)  was  published  by  Sorby1 
over  eighty  years  ago  but,  apart  from  two  isolated  papers,  by 
Schultz2  and  by  Blount3,  these  pigments  were  neglected  until  a 
systematic  investigation4-17  was  begun  by  Todd  and  his  co-workers 
at  Cambridge  in  1947.  Aphin  pigments  have  now  been  detected7  in 
twenty  aphid  species  and  isolated7  from  seven  of  these,  namely,  in 
the  Aphididae,  Aphis  fabae  Scop.,  A.  sambuci  L.,  Eriosoma  lanigerum 
(Hausmann),  Alyzus  cerasi  (F.),  Sappaphis  pyri  (Fonsc.)  and  Tubero- 
lachnus  salignus  (Gmelin),  and  in  the  Phylloxeridae,  Adelges  ( Pineus ) 
strobi  (Borner)  and  a  second  unidentified  adelgid. 

Four  inter-related  pigments  are  associated  with  each  species  as 
follows : 


(a)  .  (b)  _  (c)  (d) 

Protoaphin  — *  Xanthoaphin  —*■  Chrysoaphin  —*■  Erythroaphin 
yellow  yellow  orange  red 

water-soluble  ' - — _ _ _ , 

Fluorescent,  fat-soluble 

A  protoaphin  is  present  in  the  living  aphid  and  is  converted  enzy¬ 
matically,  on  the  death  of  the  insect,  into  a  xanthoaphin;  a  chryso- 
aphin  is  formed  spontaneously  on  keeping  the  xanthoaphin  in  solu- 
tton  and  is  itself  transformed  similarly  into  a  red  pigment,  ervthro- 
aphtn,  the  relatively  stable  end-product  of  the  series.  Fortunately 
these  changes  are  easily  followed  by  examination  of  the  visible  and 
ultra-violet  spectra  which  are  characteristic  for  each  type  of  aphin 
Xanthoaphins  and  chrysoaphins  are  very  sensitive  to  heat,  acids  and 
alkalis,  all  of  which  promote  the  conversions  (b)-*(cWd)  Proto 

cL  be  °hetah,VnhHr  h,and; are  fairly  stablc  t0  heat  30  ,hat  tlle  inse«s 

nrL»  heat-kllled.  destroy  enzymes,  before  isolation  of  the 
L  “ •  y  Plgment-  For  tlle  separation  of  the  fluorescent  pigments 

fonvenilCm‘a  a,1°nrPrOCedUreS  W"e  adoPted  and  found 

ement  to  remove  fats,  waxes  and  non-aphin  pigments  bv 
parnonmg  between  chloroform  and  sulphuric  acid,  in  the  c^e  of 
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erythroaphins,  or  between  a  solvent  and  aqueous  solutions  of  resor¬ 
cinol,  for  the  purification  of  the  acid-sensitive  xanthoaphins  and 
chrysoaphins.  As  the  aphin  pigments  in  general  do  not  have  definite 
melting  points  and  decompose  at  rather  high  temperatures  they  are 
usually  identified  by  their  spectra  or  x-ray  diffraction  powder  photo¬ 
graphs.  The  appearance  of  a  blue  colour  on  treatment  of  a  fluores¬ 
cent  aphin  with  acetic  anhydride  containing  a  drop  of  sulphuric  acid 
is  characteristic3-5. 

Attention  has  been  directed  mainly  to  the  more  stable  erythro¬ 
aphins  and  in  particular  to  those  derived  from  Aphis  fabae,  the  com¬ 
mon  ‘black  fly’  which  attacks  cultivated  broad  beans  (Vicia  Faba) 
and  from  the  large  brown  aphid  Tuberolachnus  salignus,  parasitic  on 
willow  trees  (especially  Salix  alba).  These  aphids  are  comparatively 
readily  accessible  and  contain  appreciable  amounts  of  aphin  pig¬ 
ments  (up  to  2  per  cent  of  the  live  weight  in  T.  salignus).  To 
distinguish  between  corresponding  aphins  obtained  from  different 
species,  a  two-letter  suffix,  indicative  of  the  species  of  origin,  is  added 
to  the  stem  name;  thus  the  pigments  of  A.  fabae  are  designated 
aphins-/6  and  those  from  T.  salignus  are  the  aphins-^/.  This 
nomenclature  was  introduced4  by  the  Cambridge  group  at  the 
beginning  of  their  researches  when  the  identity,  or  otherwise,  of  the 
colouring  matters  from  different  species  was  not  known*.  Later  it 
was  found8  that  the  erythroaphins  of  Aphis  sambuci,  Eriosoma  lani- 
gerum  and  Myzus  cerasi  were  identical  with  erythroaphim/#  whilst 
erythroaphins- j/  and  -py  (from  Sappaphis  pyfi)  are  each  different. 
Erythroaphins -fb  and  -si  proved  to  be  stereoisomers. 

Erythroaphins-^  and  -si  have  the  molecular  formula  C30H22O8, 
they  are  indistinguishable  in  their  visible  and  ultra-violet  spectia  but 
differences  can  be  detected  in  comparing  other  physical  properties, 
notably  their  infra-red  spectra  and  optical  rotations.  The  pigments 
form  sparingly  soluble  green  salts  with  aqueous  alkalis  and  an  alkali- 
insoluble  diacetate  and  dibenzoate  can  be  prepared  from  each. 
Quinonoid  properties  are  revealed  by  reversible  reduction  with 
dithionite  and  by  the  formation  of  /mrotetra-acetates.  As  mellitic 
acid  is  formed  by  oxidation  with  nitric  acid  the  colouring  matters  are 
evidently  polycyclic  quinones  and  to  ascertain  the  nature  of  the  poly¬ 
cyclic  system  erythroaphin-j/  was  subjected  to  a  zinc-dust  fusion  . 
The  combined  products  from  250  small  scale  experiments  were 

and  erythroaphin-Jf,  respectively. 
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(2)  and  coronene  (3)  derivatives.  These  ring  systems  have  not  been 
derived  from  any  natural  product  hitherto.  The  isolation  of  a 
crystalline  coronene  fraction  is  most  remarkable  although  unfortu¬ 
nately  the  amount  available  was  insufficient  for  analysis.  As  the 
hydrocarbons  perylene,  benzoperylene  and  coronene  are  stable 
under  zinc-dust  fusion  conditions  this  implies  that  only  the  perylene 
system  is  present  in  erythroaphin-j/,  the  additional  benzene  rings  in 
benzoperylene  and  coronene  arising  from  alkyl  substituents  located 
at  appropriate  positions.  This  is  confirmed  by  the  ultra-violet  spec¬ 
trum  of  /mroerythroaphin-.^  tetra-acetate  which  closely  resembles 
that  of  perylene. 


Additional  information  derived  from  their  spectra  and  chemical 
properties  showed,  independently,  that  the  erythroaphins  contained 
the  perylenequinone  system  (4).  In  the  infra-red  spectrum8  the 
carbonyl  band  falls  at  1625  cm.-1  and  normal  hydroxyl  absorption 
in  the  3  ft  region  is  replaced  by  a  broad  and  weak  band  near 
2700  cm.-1  This  indicates18  that  the  hydroxyl  groups  are  involved 
in  strong  intramolecular  hydrogen  bonding  and  comparison  with 
model  compounds  indicated,  from  the  location  of  their  carbonyl 
bands,  that  the  carbonyl  groups  of  erythroaphin^  and  -si  were 
located  in  different  rings.  Bearing  in  mind  the  formation  of  mellitic 
acid,  it  can  be  seen  that  4: 9-dihydroxyperylene-3 : 10-quinone  (4)  is 
the  simplest  model  having  the  desired  features  and  a  spectrographic 
comparison  showed  clearly  that  (4)  represents  the  chromophoric 
block  in  erythroaphins -fb  and  -si.  The  ultra-violet  and  visible 
absorption  of  (4)  is  almost  identical  with  that  of  erythroaphin  -fb 
whilst  in  the  infra-red  region  the  carbonyl  band  falls  at  1631  cm  -1 
and  there  is  no  hydroxyl  band.  Chemically  the  quinone  (4)  resem- 
bles  the  erythroaphins  in  forming  diamino  derivatives  with 
piperidine  and  ^r/ohexylamine,  an  insoluble  greenish-blue  sodium 
salt,  and  a  bisboroacetate. 

It  is  of  considerable  interest  that  since  the  elucidation  of  the 
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chromophoric  system  of  the  erythroaphins,  4: 9-dihydroxyperylene- 
3 : 10-quinone  itself  has  been  found  in  Nature.  It  was  isolated21  in 
New  Zealand  by  acetone  extraction  of  the  fungus  Daldinia  concentrica 
(Bolt)  Ces.  and  de  Not.  and  purified  by  high-temperature  vacuum 
sublimation.  The  pigment  formed  dark  red  needles,  decomposing 
about  350°,  spectrographically  identical  with  the  synthetic  product 
obtained13  by  treating  3: 4: 9: 10-tetranitroperylene  with  hot  sul¬ 
phuric  acid.  Small  quantities  of  perylene  and  of  mellitic  acid  were 
obtained  by  zinc-dust  distillation  and  nitric  acid  oxidation,  respec¬ 
tively22.  Perylene  has  also  been  isolated  by  zinc-dust  fusion  of  an 
orange  quinonoid  pigment  (?C23H1609)  obtained  from  an  inoper- 
culate  Discomycete  and  reductive  acetylation  gave  a  product  with  a 
perylene-like  absorption  spectrum,  but  as  yet  the  carbon  skeleton  of 
this  colouring  matter  is  unknown48. 

Thus  far,  only  two  thirds  of  the  carbon  skeleton  of  the  erythro¬ 
aphins  has  been  accounted  for  and  there  remains  a  large  residue, 
Ci0Hi4O4.  As  this  portion  of  the  molecule  is  saturated  and  the  four 
oxygen  atoms  are  inert  and  so  presumably  present  in  ether  (but  not 
methoxyl)  linkages15  it  must  comprise  four  rings;  it  must  also  be  the 
origin  of  c.  3-8  moles  of  acetic  acid  which  are  produced  in  Kuhn- 
Roth  determinations.  As  already  indicated,  the  results  of  zinc-dust 
fusion  show  that  at  least  one  side  chain  must  be  attached  to  each  side 
of  the  perylene  system  at  C-l  or  C-12,  and  C-6  or  C-7,  whilst  the 
formation  of  a  dibromodipiperidinoerythroaphin,  in  which  the  sub¬ 
stituents  appear  to  be  attached  to  the  chromophoric  system,  suggests 
that  positions  C-2,  C-5,  C-8  and  C-l  1  are  unsubstituted  as  reaction 
at  one  of  the  central  carbon  atoms  would  be  subject  to  considerable 
steric  hindrance  (cf.  4: 5-substituted  phenanthrenes).  To  accommo¬ 
date  these  facts  Todd  and  his  co-workers  concluded10  that  positions 
C-l  and  C-12,  and  C-6  and  C-7,  are  bridged  by  two  carbon  atoms 
(which  completes  two  rings),  the  remaining  atoms  being  arranged, 
probably,  as  two  dioxolan  (5)  or  dioxan  (6)  rings,  one  on  each  side  of 
the  molecule.  This  suggestion  w^as  supported  by  the  observation 
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that  the  pigments  yield  acetaldehyde  (but  no  other  volatile  carbonyl 
compound)  when  heated  with  zinc  chloride  or  sulphuric  acid; 
dioxan  yields  acetaldehyde  under  the  same  conditions  and  a 
dioxolan  structure  such  as  (5)  would  be  expected  to  behave  in  the 
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same  way.  Under  optimum  conditions  erythroaphin-^6  yielded  c. 
1-65  moles  and  erythroaphin-j/  c.  0*75  moles  of  acetaldehyde;  taken 
in  conjunction  with  model  experiments  on  dioxan  and  benzodioxan, 
this  seemed  to  confirm  the  presence  of  two  such  ring  structures,  one 
each  side  of  the  perylene  system,  in  erythroaphin-/6.  Stereo¬ 
chemical  considerations,  discussed  below,  require  that  one  of  the 
heterocyclic  rings  in  erythroaphin-j/  be  /ra/w-fused  to  a  six-membered 
ring,  and  moreover,  a  cis-trans  conversion  can  be  effected  by  irradia¬ 
ting  a  solution  of  erythroaphin-/^.  Now,  a  /m/u-fused  dioxolan  ring 
would  be  highly  strained  and  a  cis-trans  conversion  most  improbable, 
but  a  dioxan  ring  would  meet  these  requirements  without  difficulty. 


0  0 


Structure  (6)  is  therefore  favoured  and  on  this  basis  the  erythro- 
aphins  can  be  represented15  by  (7)  or  (8).  Correlation  of  their  infra¬ 
red  spectra  with  that  of  dioxan  provides  additional  support. 

The  formation  of  twice  as  much  acetaldehyde  from  erythroaphin- 
fb  as  from  erythroaphin-j/  requires  some  explanation.  This  reaction 
is  regarded  as  an  elimination  leading  to  the  formation  of  a  vinyl 
ether  which  subsequently  splits  to  give  acetaldehyde.  The  first  step 
would  take  place  smoothly  if  the  dioxan  ring  were  m-fused,  as  in  this 
situation  one  of  the  oxygen  atoms  is  in  a  trans  position  relative  to  the 
angular  hydrogen  atom;  conversely,  in  a  £ra/w-fused  ring  these  atoms 
would  have  a  rfi'-relationship  and  elimination  would  not  be  expected. 
From  this  it  appears  that  in  erythroaphim/#  both  dioxan  rings  are 
w-fused  whilst  in  erythroaphin-j/  one  is  cis  and  the  other  trans.  On 
pyrolysis  of  the  erythroaphins  a  little  acetic  acid  is  produced,  presum¬ 
ably  by  a  process  analogous  to  the  formation  of  acetaldehyde  and 
this  must  also  operate  during  a  Kuhn-Roth  determination,  two 
moles  of  acetic  acid  arising  from  the  C-Me  groups  and  two  from  the 
~  — CH2—CH2— groupings.  The  formation  of  equal  amounts 
o  acetic  acid  from  both  erythroaphin-j/  and  -fb  (in  contrast  to 
acetaldehyde)  can  be  understood  if  it  is  assumed  that  oxidative 
attack  on  the  carbon  atoms  carrying  the  angular  methyl  groups  is 
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the  first  step,  which  would  of  course  eliminate  stereochemical 
distinctions. 

A  study  of  the  addition  reactions10-*4-^  Qf  erythroaphins fb  and 
~sf  Produced  some  interesting  results.  By  reaction  with  ammonia, 
piperidine  or  cjc/ohexylamine,  both  pigments  form  diamino  (or 
substituted  diamino)  derivatives;  dihydroxy  derivatives  can  also  be 
piepaied  by  direct  oxidation  with  permanganate  in  aqueous  pyri¬ 
dine  or  from  the  diaminoquinone  by  treatment  with  nitrous  acid. 
The  ease  with  which  the  addition  reactions  take  place  is  surprising 
for  such  complex  quinones,  particularly  as  they  occur  in  a  basic 
medium  when  it  might  be  expected  that  the  mesomeric  di-anion 
formed  would  lower  the  quinonoid  activity.  However,  even  more 
remarkable,  is  the  fact  that  both  erythroaphins  form  the  same  diamino 
and  dihydroxy  derivatives.  On  reduction  with  zinc  and  acetic  acid, 
and  reoxidation  in  air,  all  these  compounds  yield  erythroaphin-/6 
and  thus  a  chemical  method  is  available  for  converting  erythroaphin- 
sl  into  the  -fb  isomer.  As  reductive  elimination  of  substituents  is  a 
general  property  of  />m’-hydroxyquinones20  these  reactions  provide 
further  support  for  the  partial  structure  (4)  and  were  the  first  clear 
indication  that  these  two  erythroaphins  must  be  stereoisomers.  The 
conversion  of  erythroaphin-j/  into  a  diamino-  or  dihydroxyerythro- 
aphin^  must  involve  optical  inversion  at  one  or  more  of  the  four 
asymmetric  centres  in  (7)  or  (8).  In  the  formation  of  these  deriva¬ 
tives  the  first  step  is  an  addition  reaction  (probably  1 :8)  leading  to  a 
substituted  quinol  which  is  then  re-oxidized,  but  mere  reduction  and 
re-oxidation  of  erythroaphin-j/,  in  either  acid  or  alkaline  medium, 
did  not  appear  to  effect  isomerization.  As  optical  inversion  (not 
racemization)  was  only  observed  when  two  substituents  were  intro¬ 
duced  it  seemed  that  this  was  due  to  some  steric  requirement  of  these 
substituents,  and  as  inversion  takes  place  under  basic  conditions  a 
mechanism  involving  the  hydrogen  atoms  at  the  asymmetric  centres 


O 


O 

was  proposed.  (The  location  of  these  hydrogen  atoms  in  relation  to 
the  quinone  system  is  shown  in  the  partial  structure  above.)  By 
examination  of  molecular  models  of  structure  (7)  Todd  and  his  co¬ 
workers  discovered  that  if  ring  B  is  cw-fused  there  is  appieciable 
steric  hindrance  to  the  entry  of  a  hydroxyl  or  amino  group  at  C-12 
but  not  at  C-3,  whereas  in  the  trans-tom  both  positions  are  hindered 
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by  the  oxygen  atoms  of  the  dioxan  ring.  It  was  therefore  argued  that 
in  erythroaphin-/^,  A  and  B  are  m-rings,  addition  occurring  readily 
at  C-3  and  C-9  (the  second  stage  requires  a  4: 10-quinone  structure) 
but  in  erythroaphin-j/  ring  A  has  the  /ra/zj-form  so  that  introduction 
of  a  second  substituent  is  sterically  difficult.  Even  so,  C-9  is  the  most 
accessible  position  and  it  was  suggested  that  in  the  course  ol  intro¬ 
ducing  the  second  substituent,  the  proton  at  C— 8  (activated  by  a 
carbonyl  group  at  C-10)  is  removed  and  inversion  takes  place,  so 
converting  A  into  a  m-ring.  Hence  the  product  is  a  derivative  of 
erythroaphin-/^.  (For  the  purpose  of  this  argument  it  was  assumed 
that  the  angular  methyl  groups  have  the  same  disposition  relative  to 
each  other  in  both  pigments;  the  evidence  for  this  is  considered 
later.) 

However  more  recent  work  by  Johnson,  Todd  and  Watkins19  has 
shown  that  erythroaphin-j/  can  be  directly  converted  to  the  -fb 
isomer  by  treatment  with  dilute  alkali,  or  less  readily,  acid.  This 
implies  that  steric  hindrance  is  not  an  important  factor  in  the  reac¬ 
tions  discussed  above  and  since  inversion  takes  place  rapidly  in  the 
presence  of  a  base  it  is  almost  certain  that  it  occurs  with  the  intro¬ 
duction  of  the  first,  and  not  the  second,  amino  or  hydroxyl  group. 
These  aphin  pigments  therefore  fall  into  a  large  group  of  cyclic 
compounds  which  contain  an  activated  hydrogen  atom  at  a  ring 
junction  and  are  converted  to  more  stable  isomers  by  the  action  of 
alkali  or  acids.  The  facts  that  inversion  is  not  observed  during  the 
addition  of  bromine  or  acetic  anhydride  to  erythroaphin-.r/  is 
understandable  as  the  process  is  much  slower  under  acid  conditions. 


The  isolation  of  three  optically  active  isomers  of  erythroaphin  has 
enabled  the  configuration  of  the  pigments  to  be  more  precisely 
defined.  The  kwcoerythroaphin  tetra-acetates  exhibit  mutarotation 
in  the  presence  of  light,  racemization  occurring  with  the  formation 
of  three  diastereoisomers  corresponding  to  erythroaphins/6,  -si  and 
a  third  isomer  having  both  A  and  B  rings  frc/w-fused.  The  latter  was 
isolated  aftei  irradiation  of  a  solution  of  /mroerythroaphin/T*  tetra¬ 
acetate  and  was  hydrolysed  to  the  corresponding  trans-trans-e rythro- 
aphin  which  so  far  has  not  been  obtained  from  any  species  of  aphid. 
It  differs  from  the  other  two  isomers  in  its  optical  rotation  and  infra¬ 
red  spectrum.  In  considering  the  asymmetry  of  the  erythroaphin 
molecule  the  perylene  system  can  be  ignored,  since,  although  the 
hydrogen  bonds  are  not  actually  symmetrical  the  energy  required  to 
transfer  the  hydrogen  from  one  oxygen  to  the  other  will  be  small 
and  a  state  of  dynamic  equilibrium  can  be  assumed  in  the  beri- 
hydroxyqumone  system.  It  is  therefore  only  necessary  to  consider  the 
asymmetric  centres  at  each  side  of  the  molecule;  the  partial 
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structures  (9)  and  (10)  depict  the  essential  portions  of  (7)  and  (8), 
respectively.  If,  in  (9),  the  methyl  groups  are  in  the  trans- position 


Me 

H 

Me 

Me 

•°J 

l/Ov 

nj 

1.0 

?c  -  - 

-92  ^ 

(  )c-- 

-if' 

.  *9-  - 

■  9k  / 

\  *9-  - 

-t] 

-X 

o 

1  0 

Me 

Vi 

H 

i  V 

H 

(9)  (10) 

relative  to  each  other  (anX-forms)  both  the  cis-cis  and  trans-trans- 
erythroaphin  isomers  will  have  a  centre  of  symmetry.  Hence, 
if  the  methyl  groups  are  at  C-l  and  C-7,  they  must  be  in  the  ex¬ 
position  relative  to  each  other  (.ryw-forms)  and  erythroaphins 
-fb  and  -si  can  be  represented  by  (11)  and  (12).  Alternatively, 
if  the  methyl  groups  are  located,  as  in  (10)  they  must  be  in  the 
trans-position  relative  to  each  other,  otherwise  cis-cis  and  trans- 
franj-erythroaphin  would  each  have  a  plane  of  symmetry.  On 
this  basis,  erythroaphins^  and  -si  can  be  represented  by  structures 
(13)  and  (14).  A  final  decision  between  these  two  pairs  cannot  be 
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made  until  the  actual  positions  of  the  methyl  groups  have  been 
determined. 


Proto-,  Xantho-  and  Chryso-aphins 

Comparatively  little  is  known  about  the  precursors  of  the  erythro- 
aphins.  The  molecular  formula  of  protoaphin-/^  is  probably 
C36H,4_46019  and  on  acid  hydrolysis  it  yielded  D-glucose ;  protoaphin 
-si  is  also  a  mono-D-glucoside9.  The  conversion  of  protoaphin/# 
into  erythroaphin/#  by  acid  treatment  is  rather  unsatisfactory  and 
it  appears  that  in  the  natural  enzymatic  process  the  conversion  of 
protoaphin  into  xanthoaphin  takes  place  in  two  stages,  the  aglycone 
first  formed  undergoing  some  further  reaction  leading  to  xantho¬ 
aphin  and  the  other  fluorescent  pigments.  This  agrees  with  the  fact 
that  the  aglycone  of  protoaphin/6  should  have  a  formula 
C30H34_36O14,  whereas  the  molecular  formula  of  xanthoaphin/# 
appears  to  be  C30H28_30On.  The  infra-red  spectra8  of  xanthoaphins 
and  chrysoaphins  show  a  general  resemblance  and  appear  to  be 
extended  /^n-hydroxyquinones  but  they  differ  from  the  erythro- 
aphins  by  the  presence  of  additional  hydroxyl  group(s).  The  con¬ 
version  of  xanthoaphins  into  chrysoaphins  (provisional  formula 
C3oH2609)  and  again  into  erythroaphins  appears  to  involve  dehy¬ 
dration  which  recalls  the  behaviour  of  rubroskyrin  and  analogous 
pigments  discussed  in  Chapter  4,  and  similar  structural  features  may 
be  present  in  these  aphins. 


Heteroaphins,  Rhodoaphins. 

A  new  group  of  aphin  pigments  has  been  found17  in  the  primitive 
aphids  Hamamelistes  spinosus  Shimer  and  H.  betulae  Mordvilko. 
The  led,  water-soluble,  native  pigments,  termed  heteroaphins,  are 
converted  by  acid,  or  enzymatically,  into  the  same  rhodoaphin, 
^3oH22°ii»  a  red,  ether-soluble,  pigment.  Reduction  of  rhodoaphin 
gave  a  product,  judged  from  its  infra-red  spectrum  and  other 
properties  to  be  an  erythroaphin  (possibly  the  fb  isomer).  Com- 
parison  with  mono-  and  dihydroxyerythroaphin/#  suggests  that 
rhodoaphin  may  be  a  dihydroxyerythroaphin  containing  a  further 
oxygen  atom  of  unknown  function 
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It  has  been  known®  for  many  years  that  administration  of  certain 
uoiescent  compounds  to  animals  produces  an  irritation  of  the  skin 
and  other  symptoms,  when  they  are  exposed  to  light  and  in  extreme 
cases  the  animal  dies.  A  number  of  such  photodynamfc  subs“ 
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occur  naturally  in  plants,  notably  the  quinone  pigment  hypericin, 
found  in  Hypericum  perforatum  Linn  (St.  John’s  Wort)  and  other 
Hypericaceaexl~xx.  Hypericism,  the  photogenic  disease  it  produces 
is  observed  mainly  in  sheep  and  is  rare  in  Europe  but  serious 
outbreaks  have  occurred  elsewhere  especially  in  Australia,  Although 
the  chemistry  of  the  photodynamic  effect  is  not  yet  clear  the 
structure  of  hypericin  has  been  elucidated  as  a  result  of  the  intensive 
investigations  of  Brockmann  and  his  colleagues  at  Gottingen. 

The  pigment  occurs  in  the  plant,  as  a  semi-solid  mass  located 
in  black  dots  or  streaks  scattered  over  the  surface  of  the  petals, 
stems  and  leaves.  It  was  first  examined  by  Buchner24  in  1830  but 
all  the  early  specimens  were  amorphous  and  pure  crystalline 
material  was  not  obtained  until  1942  by  Brockmann  et  al .25  By 
addition  of  hydrochloric  acid  to  a  red  methanolic  extract  a  black 
powder  is  precipitated  which  crystallizes  from  hot  pyridine,  after 
addition  of  methanolic  hydrochloric  acid,  as  dark  red,  almost 
black  needles,  decomposing  c.  330°.  The  molecular  formula  is 
C30H16O8.  Solutions  of  hypericin,  which  are  red  in  organic  solvents 
(in  which  it  is  sparingly  soluble)  and  green  in  sulphuric  acid,  have  a 
characteristic  absorption  spectrum  and  exhibit  a  red  fluorescence; 
its  solution  in  aqueous  sodium  hydroxide  is  also  green  but  it  is 
only  slightly  soluble  in  aqueous  sodium  carbonate.  Six  hydroxyl 
groups  are  present,  characterized  by  the  formation  of  a  yellow, 
crystalline,  hexabenzoate  and  an  orange,  crystalline,  hexa -p- 
bromobenzoate  whilst  the  isolation  of  an  amorphous,  blue,  leuco- 
octabenzoate  is  indicative  of  a  quinone  structure.  This  accounts  foi 
all  the  oxygen  atoms;  removal  of  these,  by  zinc-dust  distillation 
and  by  other  drastic  methods  of  reduction,  revealed  the  nature  o 
the  carbon  skeleton25.  The  red  sublimate,  obtained  from  sixty 
zinc-dust  distillations,  was  identified  spectroscopically  as  meso- 
anthradianthrene,  C30H14,  (16)  a  remarkably  complex  hydrocarbon 
to  be  derived  from  a  plant  product.  However,  hypericin  cannot  be 
a  hexahydroxymwoanthradianthrone  as  two  C-Me  groups  are 

0  n 
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present  (a  Kuhn-Roth  determination  yielded  1*3  moles  of  acetic 
acid)  but  it  could  be  a  derivative  of  either  the  dimethylra&ro- 
naphthadianthrone  (15)  or  the  dimethylhelianthrone  (17)  both  of 
which  yield  (16)  on  zinc-dust  degradation,  a  new  ring  being 
formed  in  the  process.  The  problem  was  solved  spectroscopically26. 
Vigorous  reductive  acetylation  of  hypericin  affords  a  yellow  product, 
which,  after  dehydrogenation  with  chloranil,  gives  a  blue  hepta- 
acetate,  C30Hn(OAc)7,  a  meso  oxygen  atom  having  been  eliminated 
during  the  reduction*.  The  dimethylwwonaphthadianthrene  (18) 
(blue)  and  the  dimethylhelianthrene  (19)  (red)  were  then  synthe¬ 
sized  and  comparison  of  their  visible  spectra  with  that  of  the  blue 


hepta-acetate  (and  numerous  model  compounds)  left  no  doubt  that 
the  latter  was  a  m^onaphthadianthrene  derivative.  Moreover 
helianthrene,  its  homologue  (19)  and  their  acetoxy  derivatives,  are 
very  light-sensitive;  their  red  solutions  fade  rapidly  on  exposure, 
due  to  the  formation  of  yellow  peroxides  whereas  the  blue  hepta- 
acetate,  like  mwonaphthadianthrene  and  its  derivatives  is  much 
more  stable  to  light. 

Concerning  the  position  of  the  hydroxyl  groups,  some  information 
was  obtained  by  studying  the  behaviour  of  hypericin  towards 
boroacetic  anhydride25.  When  this  reagent  was  added  to  a  red 
solution  of  the  pigment  in  acetic  anhydride  the  colour  changed  to 

?ndlnJ  ft,  r  UOreSCen“’ ,he  shift  in  lonS  wavelength  absorption 
ndicating  the  formation  of  a  bisboroacetate,  i.e.  two  (im'-hydroxyl 

groups  are  present.  On  warming,  the  solution  remained  green  but 
a  slight  hypsochromic  displacement  resulted,  corresponding  to 
,-ry,ar  of  .^Mroxyl  groups.  On  the  other  hand  warming 

f  Blockniann  and  co-workers  initially  formed  the  opinion  that 

•  hexa-aeetate  can  also  be  obtained  if  ,he  conditions  are  very  vigorous 
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of  an  alkali-insoluble  diacetate  on  treatment  with  acetic  anhydride 
in  the  absence  of  a  catalyst  (or  by  reaction  with  ketene)  and  by 
comparison27  with  the  tetrahydroxynaphthadianthrone  (20)  which 
showed  a  close  resemblance  to  the  natural  pigment.  In  the  polyhy- 
droxyanthraquinone  series  the  1:4:5: 8  isomer  with  four  peri- 
hydroxyl  groups  absorbs  at  longer  wavelengths  than  all  the  others. 


(20) 


(21) 


If  this  is  also  true  in  the  naphthadianthrone  series  then  (20)  should 
absorb  at  the  longest  wavelengths,  but  in  fact  the  hypericin  maxima 
fall  even  further  towards  the  red  in  agreement  with  a  tetra -peri- 
hydroxynaphthadianthrone  structure  augmented  by  two  methyl 
groups.  However  the  bathochromic  effect  of  these  methyl  groups 
is  weaker  than  usual  and  examination  of  model  compounds  showed 
that  this  occurred  as  a  result  of  steric  interference  when  methyl 
groups  were  located  at  the  2:2'  positions*.  In  the  corresponding 
hydrocarbon,  2:2'-dimethylnaphthadianthrene  (18),  steric  overlap 
is  much  greater  and  the  methyl  groups  actually  exert  a  hypsochromic 
effect  in  consequence  of  the  distortion  of  the  adjacent  rings  and 
loss  of  coplanarity29.  Further  confirmation  of  the  naphthadian¬ 
throne  structure  was  provided  by  a  synthesis27  of  the  tetrahydroxy- 
helianthrone  (21)  which  proved  to  be  very  light-sensitive;  undei 
basic  conditions,  e.g.  in  pyridine  solution,  it  is  rapidly ^  J 
the  action  of  light  into  the  naphthadianthrone  (20).  The  tetra¬ 
acetate  of  (21)  behaved  in  the  same  way  and  since  hypericin,  an 
its  acetyl  and  benzoyl  derivatives,  are  comp  etely  stable  to  light  it 
may  be  concluded  that  they  are  not  polyhydroxyhelianthion 

'^FromThe  foregoing  it  is  evident  that  hypericin  is  a  2:2'-dimethyl 

derivative  of  (20)  and  the  remaining  /9-hydroxyl  groups  may  eie- 
denvatix e  o  l  /  positions  or  in  unsymmetncal 

fore  occur  a  -the  3.3, ,  b .b  o  P  ^  comparison  of 

tropic' da?JT  The  b.ue  hepta-ace.a.e  referred  to  earher, 
.  The  anthracene  numbering  adopted  by  Brockmann  is  used  throughout  .  ,s 
section:  see  (20).  232 
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shows  a  long-wave  absorption  maximum  at  625  and  the  parent 
hydrocarbon  2:2'-dimethylnaphthadianthrene  (18)  has  a  corres¬ 
ponding  peak  at  627  m^.  There  is  obviously  a  discrepancy  here  as 
examination28  of  model  compounds  showed  that  the  bathochromic 
effect  of  the  seven  acetoxy  groups  would  be  c.  25-30  m^,  and 
therefore  the  long-wave  maximum  should  occur  near  655  m fi. 
This  again  is  a  steric  effect  arising  from  two  acetoxy  groups  at  the 
7:7'  positions;  it  was  revealed  by  examination  of  molecular  models 
and  confirmed  by  a  synthesis26  of  the  blue  triacetate  (22)  which 


showed  long- wave  absorption  at  639  m^  as  compared  to  660  mju  for 
mwonaphthadianthrene.  The  anomalous  absorption  of  the  blue 
hepta-acetate  can  therefore  be  satisfactorily  explained  if  it  also  has 
hypsochromic  acetoxy  groups  at  the  7:7'  positions  as  shown  in  (23). 
The  structure  of  hypericin  is  therefore  (24). 

The  structure  of  hypericin  was  finally  established  by  synthesis. 
An  initial  attempt30  to  reduce  the  dianthraquinone  (25)  (obtained 
via  an  Ullmann  reaction  on  bromo-emodin  trimethyl  ether)  with 
copper  powder  in  sulphuric  acid31  gave  only  traces  of  the  corres¬ 
ponding  helianthrone  but  later,  Brockmann  and  Muxfeldt32  found 
that  reduction  of  the  hexamethyl  ether  of  (25)  with  copper  in 
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acetic  acid-hydrochloric  acid  in  the  absence  of  light  and  air, 
gave  a  pentamethyl  ether  of  (26)  in  65  per  cent  yield.  When  this 
helianthrone  derivative  was  illuminated  in  acetone  solution  it 
readily  cyclized  to  the  corresponding  naphthadianthrone  penta¬ 
methyl  ether  which  was  converted  into  hypericin  by  demethylation 
with  phosphoric  acid-potassium  iodide.  Subsequently  hypericin 
was  obtained  directly  from  1 : 1  '-diemodin  (25)  by  ultra-violet 
irradiation  of  its  solution  in  sulphuric  acid  in  the  presence  of 
activated  copper  bronze46.  The  synthetic  product  was  identical  in 
all  respects  with  the  pigment  obtained  from  H.  perforatum.  Theoreti¬ 
cally  hypericin  could  exist  in  optically  active  forms:  the  fact  that 
hypericin  does  not  show  optical  activity  may  be  due  either  to  the 
ease  of  racemization,  as  steric  interference  between  the  2 :2'  methyl 
groups  and  between  the  7 :7'  hydroxyl  groups  is  small,  or  to  the  mode 
of  biogenesis  of  the  pigment  giving  rise  to  a  racemic  product. 

The  form  in  which  hypericin  occurs  in  the  plant  is  not  yet  known. 
As  it  is  readily  extracted  by  alcohol,  which  does  not  dissolve  the 
crystalline  material,  a  solubilizing  group  (or  groups)  is  presumably 
present  which  is  lost  on  treatment  with  hydrochloric  acid.  Moreover 
both  the  crystalline  material  and  fresh  extracts  have  the  same  light 
absorption  maxima  which  means  that  such  groups  are  probably 
attached  to  the  /5-hydroxyls. 


The  Biosynthesis  of  Hypericin 

The  occurrence  of  this  highly  condensed  polycyclic  system  in 
Hypericum  species  is  of  great  interest.  T  he  elaboration  of  dianthiones 
and  dianthraquinones  by  plants  and  fungi  was  discussed  in  Chaptei 
4  and  it  can  be  seen  from  the  various  syntheses  which  have  been 
achieved  that  it  is  not  difficult  to  effect  further  cross  linkages  between 
the  anthracene  nuclei  by  photo-oxidation.  Moreover  anthione- 
dianthrone  interconversion  takes  place  readily.  With  these  facts  in 
mind  Brockmann  and  co-workers25>26  put  forward  the  following 
scheme  for  the  biosynthesis  of  hypericin  from  emodinantlnone  (27) . 
It  was  postulated  that  the  dianthrone  (28)  would  arise  from  the 
anthrone  (27),  probably  by  oxidative  coupling  of  the  anthranol, 
and  would  lead  by  further  oxidation  of  its  enol  form  to  the  dehydro- 
dianthrone  (29)  and  thence  via  the  helianthrone  derivative  (50) 
(or  the  isomer  with  a  1:1'  bond)  to  hypericin.  It  was  of  some 
interest  in  this  connection,  that  a  little  earlier  Betty  and  Trikojus  , 
in  Australia,  had  isolated  a  non-fluorescent  precursor  of  hypericin 
by  performing  the  extraction  in  the  dark  and  Pace  and  Mackin 
had  shown  chromatographically  that  crude  hypericin  could  be 
separated  into  at  least  six  fractions.  Subsequent  investigations 
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Gottingen  provided  substantial  evidence  in  favour  of  the  above 
hypothesis. 


Caieful  examination  of  the  crude  hypericin  obtained  from 
H.  montanum  Linn,  revealed  the  presence  of  two  new  pigments 

ssrSH  o^o  r? (30); Th; immediate  pr™’  ***- 

ypencin,  C,30JrI18O8,  (30),  characterized  as  its  orange  hexabenzoate* 
gave  on  reductive  acetylation  a  red,  light-sensitive,  helianthrene 
denvattve.  When  ..radiated  in  solution,  particularly  in  sulphuric 
acid  it  passed  into  hypericin  and  the  hexabenzoate  could  also  be 
photo-oxidized  in  the  same  way.  The  other  pigment  described  as 
y^nco-dehydro-dianthrone.  was  apparently  the  dehydrodian- 
hi  one  (29)  since  it  was  converted  into  protohypericin  and  hypericin 

and  “uld  <*0  be  reduced  to  emodinanthrone 
Although  the  dianthrone  (28)  was  not  found  Brockmann  and  Sanne“ 

rownta,ee,t3°4haMhem0dinanthn0ne  in  P'anl  and  it  was 

hypericin  pigments; oYf h  T  ** 
centrated  solution  of  (27)  in  a  mixture 

no,  S3SSTS2Z  pmtoh^cTnh  ^  ^ ,ha‘ *'7  ««  -meric  and 
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which  gave  a  10  per  cent  yield  of  protohypericin  in  20  minutes. 

By  chance,  an  isomer  of  the  missing  link  (28)  is  found  elsewhere 
in  Nature.  This  orange  pigment,  penicilliopsin,  C30H22O8,  is  a 
metabolic  product  of  the  fungus  Pencilliopsis  clavariaeformis  Solms- 
Laubach  and  was  examined  in  some  detail  by  Oxford  and  Rais- 
trick37.  They  found  that  in  suitable  solvents,  e.g.  alcohol  containing 
piperidine,  it  was  oxidized  by  air  forming  an  intense  purple  solution 
of  ‘oxypenicilliopsin’ ;  on  exposure  to  light  and  in  the  absence  of 
air,  this  compound  underwent  a  further  change  to  ‘irradiated 
oxypenicilliopsin’  which  showed  a  bright  red  fluorescence  in 
solution.  On  heating,  penicilliopsin  gave  a  little  emodinanthrone 
and  on  this,  and  other  evidence,  Oxford  and  Raistrick  tentatively 
suggested  that  penicilliopsin  might  be  a  dimeride  of  emodinanthrone, 
the  oxidation  products  being  possibly  derivatives  of  helianthrone  or 
naphthadianthrone.  Previously,  a  number  of  workers  had  concluded 
from  a  comparison  of  absorption  spectra,  that  the  fluoiescent 
pigment  was  identical  with  hypericin;  this  was  not  borne  out  by 
comparative  colour  reactions  but  the  sample  of  hypericin  available 
to  Oxford  and  Raistrick  was  probably  not  pure. 

Recently,  oxypenicilliopsin  was  obtained39  in  the  Gottingen 
laboratory  under  modified  conditions  (aeration  in  weakly  alkaline 
aqueous  methanol)  and  it  was  identified  as  protohypericin;  illumi¬ 
nation  of  the  reaction  mixture  effected  a  direct  conversion  to 
hypericin.  However,  the  conclusion  that  penicilliopsin  had  t  le 
structure  (28)  was  premature  for  it  did  not  yield  the  expected 
derivatives  of  emodin  and  emodinanthrone.  This  can  only  be 
explained  if  the  link  between  the  two  anthrone  systems  is  not  10.1  U 
bu  t  at  the  8 : 8'  or  1 : 1 '  positions.  A  compound  of  the  latter .«tructurG 
prepared  by  stannous  chloride  reduction  of  the  di-emodin  (25), 
different  from  penicilliopsin  which  must  therefore  be  the  isomer 
(3 1 )  ,40  the  dianthrone  corresponding  to  skynn  . 
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(31) 

.  Added  in  proof:  in  fact  skyrin  can  be  derived  from  penicilliopsin  by  chrom.c 
acid  oxidation  of  the  hexa-acetate5  . 
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Pseudohypericin 

Hypericin  pigments  have  been  found  in  fourteen  out  of  twenty-two 
species  of  Hypericum  examined  by  Brockmann  and  Sanne44.  It  was 
observed  in  all  cases,  save  one,  that  irradiation  of  theii  gieen 
sulphuric  acid  solutions  caused  a  hypsochromic  shift  of  the  absorp¬ 
tion  bands  of  15m^,  a  phenomenon  first  noted  by  Pace  and 
Mackinney34.  The  exceptional  pigment  (from  H.  hirsutum  Linn.) 
was  recovered  unchanged  after  illumination  and  was  in  all  respects 
identical  with  the  synthetic  product.  It  therefore  appeared  that 
the  pigment  of  H.  hirsutum  was  the  hexahydroxydimethylnaphtha- 
dianthrone  (24),  the  other  species  containing  an  additional  colouring 
matter,  pseudohypericin.  Further  investigation  of  the  original 
H.  perforatum  pigments  by  Brockmann  and  Pampus42  then  showed 
that  both  hypericin  and  pseudohypericin  were  present  and  could  be 
separated  by  ring  paper  chromatography.  The  new  compound, 
C32H2oOio,  was  obtained  as  dark-red,  lustrous,  needles,  and  formed 
a  yellow  octabenzoate ;  it  was  less  stable  to  alkali  and  heat  than 
hypericin  and  gave  a  blue  naphthadianthrene  derivative  by 
reductive  acetylation.  As  both  pseudohypericin  and  hypericin,  and 
their  naphthadianthrene  derivatives,  showed,  respectively,  the  same 
absorption  maxima,  it  was  evident  that  both  pigments  were 
naphthadianthrones  containing  the  same  number  and  arrange¬ 
ment  of  phenolic  groups.  The  most  significant  difference  is  their 
behaviour  in  sulphuric  acid  where  pseudohypericin  undergoes 
a  photochemical  change  to  form  a  new  product  which  was 
recognized  as  a  mwo-anthradianthrone  derivative.  This  means 
that  substituents  are  present  at  the  2:2'  positions  capable  of 
undergoing  cyclization  to  form  a  new  benzene  ring.  Brockmann 
and  Pampus42  therefore  proposed  structure  (32)  for  pseudohypericin 
and  (33)  for  the  derived  anthradianthrone  (cjWopseudohypericin). 
These  formulations  agree  with  the  fact  that  both  compounds 
affoided  1-2  moles  of  acetic  acid  in  a  Kuhn-Roth  determination. 
Cyc/opseudohypericin  appears  to  be  a  natural  product  as  it  has  been 


(32) 
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isolated  from  H.  perforatum  under  conditions  which  seem  to  preclude 
cyclodehydration  of  pseudohypericin51.  Unexpectedly,  reduction  of 
an  amorphous  sample  of  pseudohypericin  with  hydriodic  acid  yielded 
hypericin.  This  may  indicate  the  presence  of  yet  another  pigment 
having  — CH2OH  side  chains  at  the  2:2'  positions. 

Fagopyrin 

d  his  is  the  photodynamic  principle  of  Fagopyrum  spp.  (buckwheat) 
of  which  F.  esculentum  Moench  ( Polygonaceae )  is  the  commonest.  When 
animals  eat  these  plants  they  become  susceptible  to  a  photogenic 
disease  known  as  fagopyrism  which  is  similar  in  its  symptoms  to 
hypericism23.  The  isolation  of  this  material  in  a  pure  state  has 
proved  particularly  difficult.  By  crystallization  from  phenol,  it 
was  obtained  by  Brockmann  et  a/.43  as  a  dark  red  microcrystalline 
powder  of  approximate  formula  C42H36O10N2.  Although  extremely 
insoluble  in  the  usual  solvents,  the  fluorescent  solutions  which  can 
be  obtained  are  spectroscopically  very  similar  to  those  of  hypericin. 
Unlike  the  latter  it  is  insoluble  in  aqueous  sodium  hydroxide  but  on 
heating  with  pyridinium  chloride  it  is  degraded  to  an  alkali-soluble 
product  which  seems  to  be  hypericin.  Fagopyrin  therefore  appears 
to  be  a  4:5:4':5'-tetrahydroxynaphthadianthrone  to  which  addi¬ 
tional  nitrogenous  groups  are  attached  at  /^-positions,  probably  by 
ether  linkages.  According  to  Kostir47  vigorous  reduction  yields  a 
ra^yoanthradianthrene  derivative.  Brockmann  and  co-workers  also 
isolated  a  light-sensitive  precursor,  protof agopyrm ,  which  is  presum¬ 
ably  the  corresponding  helianthrone  derivative. 

The  occurrence  of  naphthadianthrone  derivatives  in  Fagopyrum 
spp.  can  be  correlated  with  the  occurrence  of  related  anthra- 
quinones,  anthrones  and  dianthrones  in  other  Polygonaceous  plants, 
but  there  appears  to  be  no  botanical  relationship  to  the  Hypericaceae. 


Stentorol 

This  is  a  recent  addition  to  the  group  of  naturally  occurring 
extended  quinones  found  by  Lederer  and  co-workers48  in  the  fresh 
water  protozoan  Stentor  niger  Ehr.  It  was  isolated  as  an  amorphous, 
almost  black  powder,  giving  red  solutions  showing  a  red  fluores¬ 
cence  in  ultra-violet  light.  The  yellow-orange  product  of  reductive 
acetylation  gives  a  blue  fluorescence  in  solution.  The  pigment 
can  be  extracted  from  ether  with  aqueous  sodium  bicarbonate  owing 
to  the  presence  of  phenolic  groups  at  least  one  of  which  is  located 
in  a  peri- position  as  stentorol  gives  a  positive  reaction  with  boro- 
acetic  anhydride  and  the  infra-red  spectrum  shows  a  chela  ed 
carbonyl  band  at  1602  cm.-4  (KBr  disc).  In  all  these  properties 
stentorol  shows  a  resemblance  to  hypericin  and  the  aphin  pigments. 
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Anthocidaris  crassispina  (Ag.)  139 

Aphis  fabae  Scop.  271,  272 
sambuci  L.  271 

Arbacia  lixula  (Linn.)  131,  134, 

136,  137 

Blaps  gigas  Fischer  8 


Castor  fiber  Linn.  7,  1 5 


Dactylopius  coccus  Costa  222 
confusus  Cockerell  222 
indicus  Green  222 
tomentosus  Lamarck  222 
Diaperus  maculata  Olivier  8 
Dendr aster  excentricus  (Eschscholtz) 

128 

Diploptera punctata  (Eschscholtz)  7,  8 


Echinus  esculentus  Linn.  128,  131, 

135 

Enhydra  lutris  (Linn.)  128 
Eriosoma  lanigerum  (Hausmann)  271, 

272 

Gonyleptidae  9 


Halla parthenopeia  (Della  Chiaje)  269 
Hamamelistes  betulae  Mordvilko  279 


Hamamelistes  spinosus  Shimer  279 
Heterocentrotus  mammilatus  (Linn.) 

138 

pulcherrimus  (Ag.)  139 

Julus  terrestris  7 

Kermococcus  ilicis  Linn.  227 

Laccifer  lacca  Kerr  229 

Myzus  cerasi  (F.)  271,  272 

Paracentrotus  lividus  (Lam.)  128, 
129,  131,  135,  136,  138,  140 
Pseudocentrotus  depressus  (Ag.)  138 

Porphyrophora  polonicus  Linn.  222 


Sappaphis  pyri  (Fonsc.)  271 
Scaphechinus  mirabilis  (Ag.)  131 

Spirostreptus  castaneus  At  terns  6 
Stentor  riiger  Ehr.  288 
Strongylocentrotus  drobachiensis  (O.  Fr. 
Muller)  128 

purpuratus  (Stimpson)  131,135 

Tribolium,  confusum  (J.  du  Val.)  7 
castaneum  (Herbst.)  7,  1 1 
Triturus  cristatus  Laurenti  58 
Tuberolachnus  salignus  (Gmelin)  271, 

272 
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Acacia  decurrens  Willd.  160 
Actinomyces  chromogenus  Gasperini  7 
Adonis  vernalis  Linn.  1 1 
Alkanna  tinctoria  Tausch.  1 1 1 
Allium  cepa  Linn.  6 
Aloe  candelabrum  Berger  179 
ferox  Mill.  177 
perry i  Baker  177 
vera  Linn.  177 

Amanita  muscaria  (Linn.)  Fries  6,  34 
Andira  araroba  Aguiar  1 75 
Arbutus  unedo  Linn.  174 
Arctostaphylos  uva-ursi  Spreng.  7 
Aspergillus  citricus  (VVehmer)  Mos- 
seray  1 09 

amstelodami  (Mangin)  Thom 
and  Church  41,  204,  214 
fumigatus  Fresenius  15,17 
glaucus  series  41,  197,  215 
mangini  (Mangin)  Raper  and 
Thom  41 
novus  Wehmer  41 
quadrilineatus  Thom  and  Raper 

232,  233 

ruber  (Mangin)  Raper  and 
Thom  197 

versicolor  (Vuillemin)  Tiraboschi 

205 

Asperula  ciliata  Rochel  162 
(Other  Asperula  spp.  186) 

Avicennia  officinalis  Linn.  59 


Bacterium  brevis  Migula  141,  148 
Bassia  latifolia  Roxb.  59 
Boletus  badius  Fr.  187 
chrysenteron  Bull.  187 
luridus  Schaeff.  ex  Fries  187 
satanas  Lenz.  187 
subtomentosus  Linn.  187 
Butea  frondosa  Roxb.  229 


Caloplaca  elegans  (Link.)  197 
Cantharellus  multiplex  Underw.  257 
Carum  roxburghianum  Benth.  9 
Cary  a  olivaeformis  Nutt.  91 


Cassia  alata  Linn.  1 79 

angustifolia  Vahl.  179 
fistula  Linn.  179 
reticulata  Willd.  179 
siamea  Lam.  175 
Celastrus  dispermis  F.  Muell.  266 
scandens  Linn.  266 
Chaetomium  aureum  Chivers  49 
Ghimaphila  maculata  Pursh.  56 
umbellata  Nutt.  56 
Chlorosplenium  aeruginosum  (Oeder  ex 
Fries)  De  Not  259 
Cladonia  cristatella  Tuck  221 

fimbriata  (L.)  Fr.  forma  fibula 
(Ach.)  Wainio  221 
macilenta  (Ehrh.)  Hoffm.  221 
polydactyla  Floerke  221 
(Other  Cladonia  spp.  221) 

Cluytia  similis  Muell.  Arg.  1 74 
Coprinus  similis  B.  and  Br.  15 
Coprosma  acerosa  A.  Cunn.  161,  167, 
168,  169,  174,  182,  183 
areolata  Cheesem  168,  217 
australis  Robinson  167,  168, 
174,  206,  208,  209,  218 
lucida  Forst.  161,  167,  169, 
174,  182,  183 

rhamnoides  A.  Cunn.  168,  183 
Cordeauxia  edulis  Hemsl.  125 
Cortinarius  cinnabarinus  Fries.  234 
sanguineus  (Wulf.)  Fries  191, 

^  233 

Cory  neb  aderium  diphtheriae  (Flugge) 
Lehmann  and  Neumann  58 
Crucianella  maritima  Linn.  162,  186 

Daldinia  concentrica  (Bolt)  Ces.  and 
de  Not  274 

Damnacanthus  indicus  Gaertner  fil. 
var.  microphyllus  Makino  170 
major  Sieb.  and  Zucc.  1 70 
var.  parvifolius  Koidz.  1 70 
Denhamia pittosporoides  F.  Muell.  266 
lhdymocarpus pedicellata  R.Br.  35  37 
Digitalis  lutea  Linn.  165 
purpurea  Linn.  165 
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Diospyros  ebenum  Koen  96,  98 
maritima  Blume  98,  99 
mespiliformis  Hochst.  98 
tricolor  Hiern  90 
xanthoclamys  Gurke  98 
Drosera  binata  Labill.  98 
intermedia  Hayne  98 
peltata  Sm.  98,  100 
rotundifolia  Linn.  98 
Whittakerii  Planch  100,  102 


Eleutherine  bulbosa  (Mill.)  Urb.  103, 

107 

Embelia  barbeyana  Mez.  21 
kilirnandscharica  Gilg.  21 
ribes  Burm.  21 
robusta  Roxb.  21 

Endothia  fluens  Shear  and  Stevens 

238,  244 

parasitica  (Murr.)  Anderson  and 
Anderson  238,  244 
Escherichia  coli  (Migula)  Castellani 
and  Chalmers  142 


Fagopyrum  esculentum  Moench  288 
Ferreira  spectabilis  Allem  175 
Ficus  religiosa  Linn.  229 
Fusarium  bostrycoides  Wr.  and  Rkg. 

118 

javanicum  Koorders  1 1 8 
solani  App.  and  Wr.  (var.  rosa) 
D2  purple  120 
(Mart.)  App.  and  Wr.  120, 

124 

(Mart.)  (App.  and  Wr.)  var. 
Martii  (App.  and  Wr.) 
Wr.  124 


Galium  mollugo  Linn.  167 
verum  Linn.  167 
(Other  Galium  spp.  186) 

Gliocladium  roseum  Bainier  18 

Helminthosporium  catenarium  Drech- 

sler  214,  190 

cynodontis  Marignoni  190,  217 
euchlaenae  Zimmermann  2 17 
gramineum  Rabenhorst  1 90,  2  4 
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Helminthosporium  tritici-vulgaris  Nisi- 
kado  190,214,216 
velutinum  Link.  214 
Hydnum  aurantiacum  Batsch  33 
(Other  Hydnum  spp.  257) 
Hypericum  hirsutum  Linn.  287 
montanum  Linn.  285 
perforatum  Linn.  3,  280,  287 


Impatiens  balsamina  Linn.  57 

Juglans  cinerea  Linn.  91 
nigra  Linn.  91 
regia  Linn.  91 

Lawsonia  alba  Lam.  57 
Lentinus  degener  Kalchbr.  15 
Libocredus  decurrens  Torrey  10 
Lithospermum  erythrorhizon  Sieb.  and 
Zucc.  115 

Lobaria  pulmonaria  (L.)  Hoffm.  f. 
hypomela  (Del.)  Cromb.  257 
retiger  a  Trev.  257 
Lomatia  dentata  R.Br.  78 
ferruginea  R.Br.  78 
ilicifolia  R.Br.  78 
longifolia  R.Br.  78 
obliqua  R.Br.  78 
polymorpha  R.Br.  78 
silaifolia  R.Br.  78 
tinctoria  R.Br.  78 


Maesa  emirnensis  Arn.  24 
japonica  Moritzi  24 
Marasmius  graminum  Lib.  55 
Medicago  sativa  Linn.  143 
Micrococcus  pyogenes  var.  aureus 

(Rosenbach)  142 
Mollisia  fallens  Karst.  203 

caesia  Sacc.  sensu  Sydow  203 
Monarda  fistulosa  Linn.  9 
Moneses  grandiflora  S.F.  Gray  56 
Morinda  citrifolia  Linn.  164,  168, 
173,206,208 

longi flora  G.  Don  164,  168 
persicaefolia  Buch.-Ham.  206, 

tinctoria  Roxb.  206 
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Morinda  umbellata  Linn.  171,  173, 

174,  206 

Mycobacterium  phlei  Lehmann  and 
Neumann  141 

tuberculosis  (Schroeter)  Leh¬ 
mann  and  Neumann  58,  59, 
141,  142 

Myrsine  africana  Linn.  2 1 
capitellata  Wall  21 
semiserrata  Wall  21 

Nephromopsis  endocrocea  Asahina  204 

Nopalea  coccinellifera  S.-Dyke  223 

Oldenlandia  umbellata  Linn.  161, 

162’  164 

Onosma  echioides  Linn.  1 1 1 

Oospora  colorans  van  Beyma  49 

Oxalis purpurata  var.jacquinii  (Sonder) 

24 

Pachybasium  candidum  (Sacc.)  Pey- 
ronel  161,  174 

Paratecoma  peroba  (Record)  Kuhlm. 

59 

Paxillus  atrotomentosus  (Batsch)  Fr.  29 

Perezia  adnata  A.  Gray  38 

Penicillium  cinerascens  Biourge  1 7 
citreo-roseum  Dierckx  197 
clavariaeformis  Solms-Laubach 

286 

cyclopium  Westling  197,  198, 

.  201 

diver  gens  Bainier  and  Sartory 

funiculosum  Thom  189 
griseo-fulvum  Dierckx  4,  14 
herquei  Bainier  and  Sartory 

■  ,  197 

islandicum  Sopp  174,188  190 
214,  237,  238,  240,  241,’  242* 

,  .  245,  246 

nalgiovensis  Laxa  202,  203 
patulum  Bainier  14 
phoeniceum  van  Beyma  46 
roseo-purpureum  Dierckx  200,  201 
rubrum  O.  Stoll  46 
rugulosum  Thom  238,  244 
spinulosum  Thom  1 7 
tardum  Thom  238,  244 
wortmanni  Klocker  238,  244 


Peniophora filamentosa  (B.  and  C.)  Burt. 

26 

Phoma  terrestris  Hansen  234 
Plumbago  europaea  Linn.  98 
pulchella  Boiss  98 
rosea  Linn.  98 
zeylanica  Linn.  98 
Polygonum  cuspidatum  Sieb.  and  Zucc. 

193 

(Other  Polygonum  spp.  196) 
Polyporus fumosus  (Pers.)  Fries  12 
leucomelas  Pers.  ex  Fries  33 
nidulans  Cooke  12 
rutilans  (Pers.)  Fries  26 
tumulosus  Cooke  12 
Polystictus  versicolor  (L.)  Fr.  257 
Populus  alba  Linn.  15 
Pristimera  grahamii  (Wight)  A.  C. 

Smith  266 

indica  (Willd.)  A.  C.  Smith  266 
Pseudomonas  beijerinckii  Hof  12,  13 
Pterocarya  caucasica  C.A.  91 
stenoptera  C.DC.  91 
Pyrola  chlorantha  Sw.  56 
rotundifolia  Linn.  56 
Pyrenophora  avenae  I  to  and  Kurib. 

217 

Pyrus  communis  Linn.  7 


Qitebrachia  Lorentzii  Engl.  160 
Qiiercus  coccifera  Linn.  227 


Rapanea  maximowiczii  Koidz.  24 
neurophylla  Mez.  21 
Relbunium  hypocarpium  Hemsl.  186 
(Other  Relbunium  spp.  184,  186) 
Rhamnus  Alaternus  Linn.  219 
cathartica  Linn.  191,  194 
frangula  Linn.  191,  193 
purshiana  DC.  191,  193 
(Other  Rhamnus  spp.  174,  175, 

ni  191,  196) 

Rheum  palmatum  Linn.  1 74 
rhaponticum  Linn.  209 
(Other  Rheum  spp.  174  176 

179,191,196) 

Rubia  atherodes  (Spreng.)  Schum. 


......  T.  164,166 

cordifolia  Linn.  166,  172,  184, 

*  ,  .  186 
hypocarpium  Hemsl.  166 

peregrina  Linn.  186 
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Rubia  sikkimensis  Kurz.  166,  172,  184 
tetragona  Schum.  164,  166 
tinctorum  Linn.  162,  166,  172 
Rumex  Andreaeanus  Makino  1 79 
chinensis  Campd.  259 
crispus  Linn.  175 
(Other  Rumex  spp.  174,  191,  196) 

Salix  alba  Linn.  272 
Salvia  militiorrhiza  Bge.  260,  264 
Saxifraga  delavayi  Franch.  174 
Seseli  hippomarathrum  Jacq.  9 
Solorina  crocea  (L.)  Ach.  220 
Sonneratia  acida  Linn.  174,  191 
Sticta  colensoi  Bab.  27,  29 

coronata  Muell.  Arg.  27,  29 
Streptocarpus  Dunnii  Mast.  83 
Strep  tomyces  coelicolor  (Mueller)  Waks- 
mann  and  Henrici  126 
purpurascens  Lindenbein  209, 

210 

Tecoma  araliaceae  DC.  59 
leucoxylon  Mart.  59 


Tecoma  obtusata  DC.  59 
Tectona  grandis  Linn.  160 
Teloschistes  exilis  Wainio  197 

flavicans  (Sw.)  Norm.  197,  198 
Tetraclinis  articulata  (Vahl.)  Masters 

10 

Thelephora  palmata  Scop.  257 
(Other  Thelephora  spp.  257) 
Tripterygium  Wilfordii  Hook.  f.  266 
Trixis  cacalioides  D.  Don  38 
Tsuga  canadensis  Carr.  141 


Ventilago  maderaspatana  (Gaertn.) 

197 

Vicia  Faba  Linn.  272 


Xanthoria  fallax  (Hepp.)  Arn.  158, 

197,  199 

parietina  (L.)  Beltram  197 


Zizyphus  jujuba  Lam.  229 
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Acetate  theory  of  biogenesis  2  et 
seq.,  46,  110,  119,  123,  193,  229 
Actinorhodin  126,  243 
Alizarin  162,  184,  206 
Alizarin- 1 -methyl  ether  164 
Alkannan  112,  116 
Alkanet  root  111,  114,  115,  117 
Alkannin  5,111,116,121,124,139 
-4//oeleutherin  107,  108 
^//owoeleutherin  107,  108 
/l/Zodunnione  84,  87 
Aloe-emodin  176,  179,  191 
Aloe-emodinanthrone  176,  177, 

178 


Aloes  176,  177,  178,  179 
Aloin  177 
Anchusin  1 1 5 
Anhydroalkannin  1 1 3 
Anhydrocarminic  acid  226 
Anhydrofusarubin  121,  122,  123 
Anhydrojavanicin  118,119 
Anhydrorhodomycinone  2 1 1 
Anthragallol  182,  232 
Anthragallol  l:2-dimethvl  ether  183 
Anthragallol  l:3-dimethyl  ether  183 
Anthragallol  2-methyl  ether  182 
Anthraquinone  159 


-2 : 3-dihydro- 1  -hydroxy  245,247 
-2-hydroxy  160 
-3-hydroxy-2-methyl  161 
-4-hydroxy-2-methyl  161 
-2-methyl  160 

Anthraquinones,  natural  dyes  con¬ 
taining  158,  161,  162,  173,  184 
206,  220,  222,  227 
natural  drugs  containing  158 
|74  175,  177,  180,  191,  ^ 


Aphins  271  et  seq. 

nomenclature  272 
Araroba  powder  1 75 
Ararobinol  196 
Arbutin  7,  56 
Archin  191 
Archinin  1 74 
Areolatin  2 1 7 


Asperthecin  231,  234 
Atromentin  29,  34 
Atromentic  acid  31 
Aurantiacin  33 
Aurantiogliocladin  18 
Aurantiorugulosin  244 
Auroglaucin  40,  41,  44 


Barbaloin  177,  227 
/3-Barbaloin  1 79 
Benzoquinone  6 

-2:5-dimethoxy  1 1 
-2:6-dimethoxy  10 
-2-ethyl  7 
-2-methoxy  10 
-5-methoxy-2-methyl  15 
Biogenesis,  acetate  theory  of  2 
of  di-benzoquinones  46 
of  emodin  191 
of  hypericin  284 
of  polyporic  acid  29 
of  solanione  120 
Boletol  186 
Bostrycoidin  118 
a-Bromocarmine  224,  225 
/?-Bromocarmine  224,  225 
Bromococcin  228 
a-Bromolaccain  230 
/3-Bromolaccain  230,  231 


Calaic  acid  230 
Carminazarin  223,  224 
Carminic  acid  190,  222,  229,  230 
Carvacrol  1 0 
Carviolacin  200,  201 
Carviolin  200 
Cascara  sagrada  176,191 
Cassic  acid  1 79 

Catenarin  189,  190,  204,  214,  242, 


Celastrol  266 


243,  244 


Chay  root  165,  182,  206 
Chimaphilin  56 

Chrysarobin  175,176,191,196,197 
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Chrysarone  209 
Chrysoaphin-/«  272 
Chrysoaphins  271,  272,  279 
Chrysophanein  1 76 
Chrysophanic  acid  161,  179,  174, 
191,  196,  244,  245,  259 
Chrysophanic  acid  anthrone  174, 

175,  176 

Chrysophanol  174 
Citreorosein  197 
a-Coccinic  acid  223 
y-Coccinic  acid  methyl  ether  204, 

239 

Coccinin  225 
Coccinone  225 
Cochineal  222 
Cochinellic  acid  223,  225 

methyl  ether  methyl  ester  228 
Copareolatin  217 

dimethyl  ether  218 
Cordeauxiaquinone  125,  131,  137 
Craven  test  144,  147 
Crayfish,  pigment  of  162 
Cryptotanshinone  264 
y-Cumoquinone  8 
Cyc/oalkannin  114 
Cyc/opseudohypericin  287 
Cyc/oshikonin  116 
Cynodontin  189,  216 

Dam-Karrer  test  147,  148 
Damnacanthal  158,  170,  200 
Damnacanthic  acid  171 
Damnacanthol  170 
Decarboxykermesic  acid  228 
Decarboxyphomazarin  234,  237 
Dehydroechinochrome  133,  134 
Dehydroemodindianthranol  mono¬ 
methyl  ether  196 
Dehydrowolapachone  72,  79 
Dehydrowo-^-lapachone  79 
Dchydrolapachone  71,  72,  82 
Denticulatol  259 
Deoxycarminic  acid  226 
Deoxyfusarubin  122 
Deoxyrhodomycinone  2 1 1 

Dermocybin  233 
Deuticulatol  259 
Dianhydrorugulosic  acid  242 
Dianhydrorugulosin  242,244 
Dianthraquinones  3,  237  et  seq. 


Dianthrones  2,  180,  181,  182,  195, 

196 

Dibenzoquinones  45  et  seq. 
Di-emodinanthrone  195 
Digitoluteine  165 
3:4-Dihydroxyphenylacetic  acid  6 
3:4-Dihydroxyphenylalanine  6 
4:9-Dihydroxyperylene-3: 1 0-quinone 

273,  274 

Dimethylphomazarin  hydrate  236, 

237 

Dinaphthazarin  127 
Diosquinone  55,  90 
Dopachrome  269 
Droserone  100,  102 
Dunnione  5,  55,  83,  264 
a-Dunnione  83,  84,  85 


Echinochrome  A  124,  129,  130, 

131,  138 

Echinochrome  B  134 
Echinochrome  C  134 
Echinochromes  128  et  seq. 
Eleutherin  103 
ty-Eleutherin  105 
Eleutherinol  103 
Eleutherol  103,  108 
Embelic  acid  2 1 
Embelin  4,  20,  21 
Emodin  2,  174,  191,  197,  198,  204, 
219,  233,  238,  241 
Emodinanthrone  193,  194,  195, 
284,  285,  286 
Emodin  glycosides  193 
Emodic  acid  198,  201,  238 
Endocrocin  2,  204 
Endothianin  238 
Ervthroaphim/T*  272  el  seq. 

-py  272 
-si  272  et  seq. 

-st  272 

Erythroglaucin  41,  215 
Erythrolaccin  231 

Fagopyrin  288 
P'agopyrism  288 
Fallacin  199 
Fallacinal  158,  199 

Fallacinol  158,  198 
Flaviolin  4,  109,  140 
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Flavoglaucin  40  el  seq. 
Flavokermesic  acid  227 
Flavoskyrin  245 
Flour  beetles,  pigments  of  7,  8 
Frangula-emodin  176,  191 
Frangularoside  194 
Frangulin  194,  196 
Franguloside  194 
Fumigatin  15,  17,  45 
Funiculosin  189 
Fusarubin  55,  120 
Fusarubinogen  124 


Galiosin  168,  186 
Gentisic  acid  14,  15 
Gentisyl  alcohol  14 
Gentisylquinone  14 
Gliorosein  19 
Glucofrangulin  194,  196 
Glycochrysarone  209 
Goa  powder  175 
Gonyleptidine  9 
Graebeite  159,  160 
Greenhartin  59 


Hallachrome  269 
Helminthosporic  acid  190 
Helminthosporin  189,  190,  214 

217 

Flenna  56,  57 
Heteroaphins  479 
Hoelite  159 
Homoarbutin  56 
Homocatechuic  acid  12 
Homonataloin  179 
Hooker  oxidation  73,  79,  89,  101 
a-Hydrojuglone  91,  92 
£-Hydrojuglone  91,  92,  97 
Hydrojuglone  glucoside  92,  93 
/LHydronaphthapurpurin  132 
^-Hydronaphthazarin  117,125 
/?-Hydroplumbagin  103 
Hydroxydroserone  100,  101,  102 
<o-Hydroxyemodin  197,  198,  206, 

241 

Hydroxyijohelminthosporin  214 
Hydroxy wolapachol  62,  66,  67,  79 

it  ,  .  .  80,119 

co-Hydroxyphyscion  199 


Hypericin  3,  193,  279  et  seq. 
structure  280-283 
synthesis  283 
Hypericism  280 

Hyperico-dehydro-dianthrone  285 
Hystazarin  monomethyl  ether  165 


Indian  madder  161 

Insect  pigments  6-9,222-231 

Islandicin  188,  190,  241,  242,  243, 

246 

/yobarbaloin  1 79 
/yoboletol  188 

Zrocochenillic  acid  methyl  ether 
methyl  ester  205 
a-Aodunnione  85,  86 
/?-/ft>dunnione  85,  86 
/yoechinochrome  1 36 
/yoeleutherin  103 
Aoemodin  176,  177 
/yojuglone  56 
/jolapachol  61,  66,  79 
/yo-/S-lapachol  6 1 
Zrolapachone  70 
/yo-yS-lapachone  79,  80,  86 
Zrolomatiol  79 
/ropedicin  35,  36 
/yophytol  146,  147 
/jorhodomycin  A  210 
Aorhodomycin  B  210 
c-Aorhodomycinone  214 
Iridoskyrin  241,  243,  246 


Javanicin  118,  123 
Jesterin  194 
Juglone  55,  90,  91,  124 
addition  reactions  94 
Juzunal  172 


Kermes  227 

Kermesic  acid  222,  226,  227 

Laccaic  acid  222,  229 
Lac-dye  230 
Lanigerin  272 
a-Lapachan  60,  68 
/LLapachan  60,  68 
Lapachic  acid  59 
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Lapachol  5,  44,  59,  78,  80,  83,  119 
rearrangements  of  64 
reaction  with  acetic  anhydride 

70 

Lapachol  peroxide  77 
a-Lapachone  64,  68 
/LLapachone  64,  68,  80,  86,  264 
Lawsone  56 
Leucomelone  33 
Lewcophoenicin  46 
Lichen-chrysophanic  acid  196 
Libocedrol  10 
Libocedrylthymoquinone  10 
Lomatiol  78 
Lucidin  158,  169,  173 
Luteoskyrin  246 
Luridic  acid  187 


Madder  162,  166,  168,  184,  186 
Maesaquinone  24 
Menadione  142 
Menaphthone  142 
A/ejoinositol  1 3 
/>-Methoxycarvacrol  10 
Methoxyquinol  glucoside  1 1 
/>-Methoxythymol  10 
Methylarbutin  7 
7-Methyl-jS-hydrojuglone  96 
7-Methyljuglone  96 
Methylpedicinin  35 
6-Methylxanthopurpurin  173 
Migration  of  acyl  groups  93,  164, 
165,  182,  183 

Molecular  rearrangements  of 
a-dunnione  85 
dunnione  83,  84,  87 
2-hydroxy-3-alkenyl- 1 :4-naph- 
thaquinones  64,  68 
2  -  hydroxy  -  3  -  alkyl  -1:4-  naph- 
thaquinones  76,  88,  89 
lapachol  64 
lomatiol  79,  80 
perezone  40 
Mollisin  203 
Morinda  root  173,  206 
Morindin  206,  207,  208 
/S-Morindin  209 
Morindone  206 
Munjeet  172,  184 
Munjistin  158,  169,  171,  172,  186 
Muscarufin  34,  258 


Nalgiolaxin  203 
Nalgiovensin  201 
Naphthadiquinone  133 
Naphthalenic  acid  56 
Naphthapurpurin  131 
1 :4-Naphthaquinone 
2:3-dichloro  2 
2: 3-dihydroxy  134 
2:3-dimethoxy  58 
2-methoxy  57 
6-methyl  55 

Naphthaquinones,  formation  from 
hydroxyanthraquinones,  182,  185 
natural  dyes  containing  57, 
59,  78,  96,  111,  115 
Nataloin  179 
Nitrocuccussic  225,  228 
Nordamnacanthal  169,  171 
Nordamnacanthic  acid  171 
Norlapachol  74 
Norlomatiol  80 
Nucin  91 

Oosporein  45,  48 
Orsellinic  acid  4 
methyl  ester  16 

Oxyjavanicin  118,  119,  120,  123 
Oxypenicilliopsin  286 

Parietin  196 
Parmel  yellow  196 
Pedicellin  35,  36,  37 
Pedicin  35,  36,  37 
Pedicinin  35 
Penicilliopsin  3,  240,  286 
Perezinone  40 
Perezone  37 

Peroxide  alkylation  23,  24,  99,  101 
Phoenicin  1,  45,  46,  49,  50 
Phomazarin  234 
Phthiocol  1,  58,  76 
a-Phylloquinone  143 
Physcion  41,  158,  174,  196,  198, 

199,215 

Physcion  anthrones  197 
Phytol  144,  145,  146,  147 
Pigment  A  (of  P.  islandicum)  246 
B  241 
C  241 
X  246 

of  Rhamnus  Alaternus  Linn.  219 
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Pipitzahoic  acid  37 
Pipitzol  40 
Plumbagin  96,  97,  101 
Plumbago  root  100 
Polygonin  193 
Polyporic  acid  26,  30,  31 
Pristimerin  266 
Pristimerol  267,  269 
Protoactinorhodin  128 
Protoaphin-/#  279 
-si  279 

Protoaphins  271,  279 
Protocatechuic  acid  6 
Protofagopyrin  288 
Protohypericin  285,  286 
Protoleucomelone  33,  34 
Pseudohypericin  281 
Pseudopurpurin  162,  172,  173, 

184,  185 

Pseudoskyrin  diethers  240,  241 
Pulvinic  acid  pigments  26,  29,  31 
Pummerer  oxidation  78 
Purpurin  172,  184,  187 
Purpuroxanthin  166 

Quinol  7 

methyl  ether  7 
Quinones,  biogenesis  2 

natural  distribution  1,  6,  55, 

158 

natural  function  1 
Quinone  tanning  2,  6 


Radix  Perezia  38 
Rapanone  20,  23 
Regianin  91 
Rhabarberone  176,  177 
Rhamnoxanthin  194 
Rhein  175,  176,  179 
Rheochrysidin  196 
Rheochrysin  197 
Rheum-emodin  191 
Rhodoaphin  279 
Rhodocladonic  acid  22 1 
Rhodomycin  A  210,  213 
B  210 

Rhodomycins  209  et  seq. 

nomenclature  210 
/J-Rhodomycinone  2 1 0 
e-Rhodomycinone  214 


Rhodomycinones  209  et  seq. 

nomenclature  2 1 0 
Rhodosamine  213 
Rhubarb  162,  174,  176,  191,  197 
Roseopurpurin  200 
Ruberythric  acid  162,  164,  168, 

186 

Rubiadin  158,  166 

-1 -methyl  ether  167,  168,  206, 

217 

Rubroglaucin  215 
Rubroskyrin  3,  242,  244,  247,  279 
Rubrogliocladin  19 
Rugulosin  244,  246,  247 


Sea  urchin  pigments  128  et  seq. 
function  of  130 
nomenclature  129,  139 
Scherer  reaction  13 
Senna  176,  179 
Sennidines  180,  181 
Sennosides  179,  180,  195 
Shesterin  194 
Shikalkin  116 
Shikimic  acid  5 
Shikonin  112,  115,  124 
Shikon  root  115,  116 
Skyric  acid  238 
Skyrin  238,  241,  286 
Solanione  118,  120 
Solorinic  acid  220 
Soranjidiol  173 
SpinochromeA  135,  137,  138 
Aka  138 
B  135 
G  136 
D  138 
E  138 
F  138 
G  138 
M  139 
N  139 
P  135 

Spinochromes  1 28  et  seq. 
Spinone  A  136 
Spinulosin  17,  45 
Stentorol  288 
Strobinin  272 


Taiguic  acid  59 
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Tanshinone  I  260 

II  263 

III  264 

Tanshinones  260  et  seq. 
Tautomerism 

of  fusarubin  122,  123 
of  hydrojuglone  93 
of  hydroxyquinones  21,28 
of  lapachol  77 
of  naphthazarin  derivatives 

102,  103 

of  protoactinorhodin  128 
of  purpurin  184,  185 
of  quinols  20 
Tecomin  59 
Tectoquinone  160 
Teloschistin  198,  200 
Terphenyl  derivatives  26  et  seq. 
Tetrahydroxybenzoquinone  12 
Theleporic  acid  257 
Thymoquinol  9 
Thymoquinone  9 
Tokyo  Violet  115 
Toluquinone  7 
/rarw-bwu-Erythroaphin  277 


2:4:5-  Trihydroxyphenylglyoxylic 
acid  12 
Tripterine  266 
Tritisporin  216 
Turkey  Red  162 


Versicolorin  205 
Vitamin  K  5,  58,  141,  et  seq. 

Kj  143,  et  seq. 

K.,  148 

Vulpinic  acid  31 

Wheat  germ  1 1 

Xanthoaphin-/7>  279 
Xanthoaphins  271,  272,  279 
Xanthopurpurin  166,  170,  171, 

172,  185 

-1 -methyl  ether  166 
-3-methyl  ether  166 
Xylindein  259 
o-Xyloquinone  8 
/?-Xyloquinone  8 
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